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IMIDAZOLE DERIVATIVES AND THEIR USE AS CYTOKINE INHIBITORS 

This invention relates to a novel group of imidazole compoundSt 
processes for the preparation thereof, the use thereof in treating C3i»kine 
5 mediated diseases and pharmaceutical compositions for use in such therapy. 

BACKGROUND OF THE INVENTION: 

There has been much interest in the past few years in compounds 
which are cytokine-inhibitors, for use in treating disease states which are 
10 associated with the excessive or unregulated production of cytokines. 
Compounds of the general formula (A): 

(A) 

wherein Ra is pyridyl, Rb is optionally substituted phenyl and W is a 
partially or fully unsaturated fused 5- or &-membered heterocyclic ring, such 

15 as pyrrolyl, pyridyl, dihydropyrrolyl, dihydropyridinyl, dihydrothiazolyl or 
tetrahydro-triazdnyl, are inhibitors of the cytokines Krl and TNF (see 
WO88/01169, WO90/15534, WO91/00092, WO92/10190, WO92/10498 and 
W092/12154, published after the filing of this application). In addition, 
these compounds are also inhibitors of the enzyme S-lipoxygenase. We have 

20 now surprisingly found that if the ring W is replaced by certain substituents 
at the 2-po6ition, (^tokine-inhibitoxy activity is maintained. Such 
compounds are generically 2-substituted-4-aryl-5*heteroaryl*inaidazoles. 
Compoimds within this dass have already been extensively investigated, as 
anti-inflammatory agents, acting principally as cydo-oxygenase inhibitors^ 

25 as described in, for instance, US patents 3 ,707,405 and 3,929,807. The 
latter disdoses compounds of the general formula (B): 

T />-Rc 

(B) 

wh»iein one of Ra Bui Rb is optionally substituted i^enyl and tiie other is a 
6-inembered heterocyclic zing with 1 or 2 nitrogen atoms and Rc represents 
30 lower alkyl, (ydoalkyl or phenyl optionally substituted by halogen, lower 
al^l or lower alkoxy, in particular the compound 2^4<hlor(9henyl)-4-(4- 
methosyphenyl)-&<4-pyridyl)-imidazole. These compounds are said to have 
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fln fj-j«flommaf»r y, wialpade and fliitipvreti& activifar. There is however no 
meation that tiiese oompouiids may be (Ttokixie inhibitors. 

FULL DESCRIPTION OF THE INVENTION: 
5 Accordingly, the present invention provides a canq>ound of formula 

®= R 

a "2 

1 />-R3 

R4^'^ (D 

wherein: 

Kl is 4-pyridyl, pyrimidinyl, quinolyl, isoquinolinyl, 1-imidazolyl or 1- 
10 benzimidazolyl which is optionally substituted with one or two 

Bubstituents each of which is independently selected from Ci^ alkyl, halo, 
Cl-4 alkoxy, Cl^ al^thio, NH2, mono- or di-Cl-e-allqrlamino or N- 
hetenxTclyl ring which ring has from 5 to 7 members and optionally 
contains an additional heteroatcmi selected from ozjrgen, sulfiir or MB22; 
15 B2 is R8 or -OR12; 

R3 is -XaP(Z)CXbRl3)2 or Q-CYlH ; 

Q is an aiyl or heteroaryl group; 

t is an int^ier of 1 to 3; 

Xa is -NR8-, -0-. S-ora. Cmo al^ene chain optionally substituted by Ci^ 
20 alkyl and optionally interrupted by -NRs-, -O- or -S-; 
Xb is -(CRiflR2o)n. -NE18-, -O- or -S-; 
Z is ojQFgen or sulfur 
nis 0 or an integer from 1 to 10; 

Yl is independently selected from hydrogen, Ci^ alkjd, halo-substituted Cis 
25 alkyl. halogen, -Xa-P(Z)-aqbRl3)2 or -(CRioR2o)nY2; 

Y2 is -0R8, -NO2, -SCOWRll. -SR8. -SCOWORs, -SCOWNRfiRg, -NRgRs, 
-0(CRioR2o)nNR8R9. -C(0)R8, -C02R8r-C02(CRioR2o)a*CONR8R9. 
-ZC(0)R8. -CN, -C(Z)NR8R9, -NRioC(Z)R8, -CXaNEeORg, 
-NRioC(Z)NR8R9, -NRioS(0)mRu, -N(OR2i)aZJNR8R9, -N(0R2i)C(Z)R8, 
30 -C(=JroR2i)R8, -NRioC(=NRi5)SRii, -NRioasNRisJNRgRs, 
-NRioC(=CRi4R24)SRii, -NRioC(=CRi4R24)NR8R9. 
-NRioC(OX3(0)NR8R9, -NRioC(0)aO)ORio, -a=NRi3)NR8R9, 
-C(=NOBi8)NR8R9, -C(aNRi3)ZRii, -OC(Z)NR8R9. -NRioS(0)mCF3, 
-NRioaZ)ORio, 5-(Ri8)-l,2,4-oxadizadl-3-yl or 4-(Ri2)-5-(Ri8Ri9)-4,5- 
35 dihydro-l,2,4-ozadiazol-3-yl; 
m' is 1 or 2; 
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n' is an integer from 1 to 10; 

B4 is phenyl, naphth*l-yl or naidith-2-yl which is optionally substituted by 
one or two substituents, each of which is independently selected, and 
which, for a 4-phen3dy 4-naphth-l-yl or 5-naphth-2-yl substitiuent, is halo, 
5 pyano, -C(Z)NR7Ri7, -C(Z)OR23. -(CRioR2o)mCOR36. -SR5, -SOR5, -OR36, 
halo-sub8tituted-Ci-4 alkyl, Ci^ alkyl, -ZC(Z)R36, -NRioC(Z)R23, or 
-(CRioR2o)inNRi(>R20 and which, for other positions of substitution, is 
halo, qyano, -C(Z)NRi6R26» -C(Z)0R8, -(CRioR2o)mCOR8, -S(0)mR8, -ORg, 
hdo-substituted-Ci^ alkyl, -Ci^ alkyl, ^CRi()R2o)mNRioC(Z)^^ 
10 -NRioS(0)mRii, -NRioS(0)mNR7Ri7 wherein m is 1 or 2, •ZC(Z)R8 or . 
-(CRioR2o)mNRi6R26; 
m is 0, or the integer 1 or 2 ; 

R5 is hydrogen, Ci^ all^l, C2-4 alkenyl, alkynyl or NR7R17, excluding 
the modties -SR5 being -SNR7R17 and -SOR5 bemg -SOH; 
15 Re is Ci^ alkyl, halo-substituted-Ci^ alkyl, alkenyl, Cz4 alkynyl or C3.5 
cydoal^l; 

R7 and Ri7 is each independently selected from hydrogen or Ci^ alkyl or R7 
and Ri7 together with the nitrogen to which they are attached form a 
heterocyclic ring of 5 to 7 members which ring optionally contains an 
20 additional heteroatom selected firom osygen, sulfur or NR22; 

Rg is hydrogen, heterocydyl, heteropydylalkyl or Rn; 

R9 is hydrogen, Ci-io allrjd, C2.IO alkenyl, C2.10 al^yl, C3.7 cydoallqrl, 
C5.7 cycloalkenyl, aryl, aiylalkyl, heteroaryl or heteroarylalkyl or Rg and 
R9 may together with the nitrogen to whidi they are attached form a 
25 heterocTdic ring of 5 to 7 members which ring optionally contains an 
additional heteroatom sdected from oxygen, sulfur or NR12; 

RlO and R20 is each independentiy selected from hydrogen or Ci^ alkyl; 

Rll is Ci.io alkjd, halo-substituted Ci-io alkyl, C2.IO alkenyl, 02-10 
alkynyl, C3.7 cydoal^l, C5.7 pydoalkenyl, axyl, arylalkyl, heteroaryl or 
30 heteroarylalkyl; 

R12 is hydrogen, -C(Z)Ri3 or optionally substituted Ci^ alkyl, optionally 
substituted aryl or optionally substituted aiyl-Ci^ alkyl; 

Ri3 is hydrogen, Ci-io alkyl, cydoallgrl, heteropydyl, aiyl, aiylalkyl, 
heteroaiyl or heteroarylalkyl; 
35 Ri4 and R24 is each independentiy selected from hydrogen, al^l, nitro or 

pyano; R15 is hydrogen, qyano, C1-4 alkyl, C3-7 cydoalkyl or aryl; 

R16 and R26 is 6adi independentiy sdected from hydrogen or optionally 
substituted Ci^ al^l, optionally substituted aiyl or optionally 
substituted aiyl-Ci^ al^l, or togetiier with the nitrogen whidi they are 
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attached fbtni a heterocyclic ring of 5 to 7 members whidi ring optionally 

contaipfi nn flddit»0Tifl1 Vifttematom selected from oxygen, sulfur or NR12 ; 
RI8 and Ri9 is each independently selected from hydrogen, C 1^ a]kyl> 

fiubstituted alkyi, optionally substituted aryU optionally substituted 
5 arylal^l or together denote a oxygen or sulfur, 

E21 is hydrogen, a pharmaceutically acceptable cation, Ci-io alkyi, C3.7 

(ydoalkyl, aryl, aiyl Ci^ allqrl, heteroaryl, heteroaiylalkjrl, heterocydyl, 

aroyl, or Ci-io alkoyl ; 
R22 is Rio or C(Z>Ci^ alkyl; 
10 R23 is Ci-4 alkyl, halo-substituted-Ci-i alkyl, or C3-5 cydoalkyl; 
R36 iB hydrogen or R23; 
or a pharmaceutically acceptable salt thereof; 

and exduding 2-(4rcUorophenyl)-4-(4-methoxyphenyl)-5-(4rpyridyl)imidazote^ 

15 Suitable Ri moieties izidude 4-i^dyl, 4-pyrimidinyl, 4-quinolyl, 6- 

isoquinolinyl, l-imidazolyl and 1-benzimidazolyl, of whidi4-pyiidyl, 4- 
pyrimidinyl and 4-quinolyl, especially 4-pyridyl, are preferred. A preferred 
substitutent for all Ri moieties is C1-4 alkyl, in particular methyl. More 
preferred as a substituted Ri mdely is the 4-pyridyl derivative substituted 

20 at the 2-position with Ci^ al^l, espedally 2-metfayl-4-pyridyL Also 

preferred is the 4-pyrimidinyl derivative substituted at the 2-position with 
Ci^ alM or NRioEl20- 

Preferably, R2 is hydrogen or Ci-io alkyl, more preferably, hydrogen 

or methyl. 

25 Preferably, tiie R3 moieties is an (un)substituted aryl or heteroaxyl 

moiely Q, also referred to as Q-(Yi)t> Preferably, when Q is an aryl, 
specifically phenyl, and when Q is a heteroaxyl, preferred groups indude 
pyrrolBs pyridine, or pyximidine. More preferred is Q as ph^yL All preferred 
moieties are independentiy sub-stituted by (Y i)t, wherein t is an integer of 1 

30 to 3. Preferably t is lor 2. More preferably, when R3 is monosubstituted 
phenyl, the substituent is located at the 4-position. 

Suitably tiie aryl or heteroaryl moiety of Q is substituted by up to three 
substituents Yi each of which is independentiy selected from Ci^ alkyl, 
halo-substituted Ci^ alkyl, halogen, -Xa-P(Z)-(XbRi3)2 or -CCRioR2o)nY2 

35 wherein Y2 is -ORg, -NO2, -S(0 WRll, -SRs, -SCOWORg, •S(0)mNR8R9, 
-NRgROr -0(CRioR2o)nNR8R9, -CCORg, -CO2R8. -C02(CRioR2o)n' CONRsRs. 
.ZC(0)R8, -CN, .C(Z)NR8R9, -NRioC(Z)R8. -C(Z)NR80R9, •NRioC(Z)NR8R9. 
.NRioS(0)mRii, -N(OR2i)C(Z)NR8R9. -N(OR2iXJ(Z)R8. -C(=NOR2i)R8, 
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-NRioC(=NRi6)SRii, -NRioCC^NRisJNRgRs. -NRioC(=CRi4R24)SRii, 
.NRioC(sCRi4R24)NR8R9. -NRioC(OXJ(0)NBfiR9, -NRioC(0)C(OK)Rio. 
-C(=NRi3)NR8R9, -C(=NORi3)NR8R9, -C(=NRi3)ZRii, -OC(Z)NR8R9, 
-NRioS(0)niCF3, -NBioG(Z)ORio , 5-(Rl8)-l»2,4-oxadizaol-3-yl or 4-(Ri2)-5- 
5 (Ri8Ri9H,5-dihydro-l,2,4-oxadiazol-3-yl; is 1 or 2; Rg is hydrogen, Ci-io 
sSkyl, 02-10 alkenyl, C2-10 alkynyi, G3-7 cydoalkyl, C5.7 pydoalkenjd, aryl, 
aiylalkyl, heteroaryl or heteroarylalkyl or Rs and R9 may together with the 
nitrogen to which they are attached form a heterocjrclic ring of 5 to 7 
members which ring optionally contains an additional heteroatom selected 

10 &om oxygen, sulfur or NR12; Rl4 and R24 is each independently selected &om 
hydrogen, alkyl, nitro or pyano; R15 is hydrogen, cyano, Ci^ alkyl, C3-7 
cyclo£dfyl or aryl; R18 and R19 is each independently selected finom hydrogen, 
Ci^ al^, substituted aU^l, optionally substituted ar;^, axylall^l or together 
with the carbon to which they are attached denote a double bonded oxygen or 

15 Bulfiir, i.e., a CsO or CsS; and R21 is hydrogen, a pharmaceuticaDy acceptable 
cation, alkyl, qrdoallQd, aiyl, aiylallgd, heteroaiyl, heterocyclic, 
heteroarylal^l, aroyl, alkoyL 

Preferred substituents Yi for use in R3 indude halogen, C1.5 alkyl 
and -(CRioR2o)nY2 wherein Y2 is -ORg, •NO2, -S(0)m'Rll, -SRg, 

20 -S(0)mNR8R9; -NRsRs, -0(CRioR2o)nNR8R9, -C(0)R8, -CO2 Rs, 
-C02(CRioR2o)n' CONR8R9. -CN; -CCZJNRsRg, -NRioS(0)n,Rii, 
^NRioC(Z)R8, -NRioC(Z)NR8R9. -C(Z)NR80R9. -N(0R2i)C(Z)NR8Rd, 
-NRioC(=NRi5)NR8R9, -C{=NORi3)NR8R9, 5-(Ri8)-l^,4-oxadi2aol-3-yl and 
4-(Ri2)-5-GEli8Rl9)-4,5-dihydro-l,2,4-oxadia2ol-3-yl. 

25 Preferred substituents Yi for iise in R3 when the aiyl or heteroaryl 

group Q is mono-substituted indude -(CRioR2o)nY2 wherein: n is 0, 1, 2 or 
3, in^rably 0 or 1; and Y2 is -ORgf espedally where Rg is hydrogen or 
Ci.io alkyl; *N02: -S(0)ni*Rii, espedaUy where Rn is Cmo alkyl; ^Rg, 
especially where Rg is Ci-io alkyl; -S(0)mNR8R9» especially where Rg and 

30 R9 is each hydrogen or Ci.io alkyl or Rg and R9 together with the nitrogen 
to whidi they are attached form a 5 to 7 membered ring which optionally 
indudes another heteroatom selected £rom oxygen, sulfiir or NR12 and m is 
2; n* is 1 to 10; -NRgRg , especially where Rg and R9 is each hydrogen, 
methyl or benzyl or Rg and R9 together with the nitrogen to whidi they are 

35 attached form a 5 to 7 membered ring which optionally indudes another 
heteroatom selected firom oxygen, sulfur or NR12; -0(CRioR2o)nNRgR9, 
espedally where Rg and R9 is eadi Ci.io allgrl; -C(0)Rg, especially where 
Rg is hydrogen or Ci-io alkyl; -C02Rg» especially where Rg is hydrogen or 
Cmo alkyl; -C02(CRioR2o)n' CONRgRg, espedaUy where Rg and R9 is 
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hydrogen or Cuo aOsyl; -CN; -CONRsRs. espedally where Rg and Eg is 
hydrogen or Ci-io alkyl; -NRioS(0)mRll» especially where Rio is hydrogen 
or Ci.io alkyl and Ru is Ci-io alkyl or a halosubstituted ; -NRioCORg, 
especially where Rs is Ci-io alkyl and Rio is hydrogen and Z is oxygen; 

5 -C(Z)NR80R9, espedally where Rg and Rg is each hydrogen and Z is oxygei^ 
-NRioC(Z)NR8R9, espedally where Rg and Rg is each hydrogen or Ci-io 
alkyl and Z is oxygen; -N(OR2iK!(Z)NR8Rg, espedally where Rg espedally 
where Rg, Rg and R21 is each hydrogen or Cmq al^l and Z is oxygen; 
-C(=N0Ri3)NRgRg, espedaHy where Rg, Rg and R13 is each hydrogen; 

10 -NRioC(=NRi5)NRgRg,espedany where Rg and Rg is hydrogen, Ci.ioa^ 
or arylall^l and R15 is cyano; and 5-(Rig)-l ,2,4-oxadiza6l-3-yl and 4-(Ri2)-5- 
(EigRig)-4,5-dihydn)-lA4-oxadiazol-3-yl, especially where R12 is hydrogen 
and Rig and Rig is each hydrogen or Ci-io ali^ or together are ozo. 

15 Preferred snbstituents for use in R3 when ^e aiyl or heteroaryl group 

Q is (fisubstituted indude those h^^inbefore listed for use when Q is mono- 
substituted and, as fartbst substituentCs), halogen and Ci.io al^L Whw R3 
is phenyl substituted with two or three substituents, the all^l moieties 
preferably have from one to three carbons, more preferably one. Preferred 

20 zing positions for two substituents are the 3- and 4-positions and, for three 
substituents, the 3-, 4- and 5- positions. The substituent at the 3- and 5- 
positions is preferably C1.2 alkyl, such as methyl, or halogen, such as bromo, 
fluoro or chloro, while the substituent at the 4-position is preferably hydroxyl. 
More preferably, for Rg substituents wheremTiis (CRioR20)nY2, n 

25 is 0 or 1 and Y2 is -OH, -S(0)m'RlL especially where Ru is Ci.io allqd; 
-SR8, espedally where Rg is Cmo all^l; -NRgRg, espedally where Rg and 
Rgis hydrogen, allgrUaiylaUgrl, or aryl or Rg and Rg together with t^ 
nitrogen to which they are attached form a pynolidinyl, piperidinyl or 
morpholinyl ring, more prefereably the Rg and Rg terms in the NRgRg 

30 moiety are hydrogen, methyl or benzyl; -C02R8> espedally where Rg is 

hydrogen or Ci-io alkyl; -SCOWNRgRg, especially where Rg and Rg is each 
hydrogen or Ci-io alkyl; -NRioS(0)inRllj especially where Rio is hydrogen 
and Rii is Ci.io al^l or 5-(Rig>l,2,4-oxadizaol-3-yl and 4-(Ri2)-5-(RigRig)- 
4,5-dihydro-l,2,4-oxadia2ol-3-yl, espedally where R12 is hydrogen and Rig 

35 and Rig is hydrogen or Cmo alkyl or together are 0x0. 

Most pr^rably, Ti is methylthio, ethylthio, methylsulfinjd, 
ethylsulfinyl, methylsulfonyl, N Jf-dimethylaminomethyl, N-bens^l-N- 
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metlijdaimnomethyl, N-morphoIinomethyl, methanesulfonaxnido, 
sulphonamidomethyl, 5-methyl-4,5-dihydr0-l^,4-oxadia2s6l-3-yl or 5,5- 
dimethyl-4,5-dihydit>-l,2,4-oxadiazol-3-yl^^ 

In all instances herein where there is an alkenyl or alkynyl moiety as 
5 a substituent group, such as in R5, R8> R9» or Rn the unsaturated linkage, 
i.e., the vinylene or acetylene linkage is preferably not directly attached to 
the nitrogen, oxygen or sulfur moieties, for instance in Y2 as C(Z)NR80R9, 
NRioC(Z)NR8R9, or ORg. As used herein, "optionally substituted" unless 
specified refers to such groups as halogen, hydrozyl, alkoxy, S(0)m alkyl, 
10 amino, mono & di-substituted amino, such as a NR7R17 group, alkyl or 
cydoalkyl, i.e. such as in optionally substituted aiyl or optionally 
substituted aiylal^L 

When R3 includes a Xa-P(Z)(XbRl3)2 group linked either directly to 
the imidazole ring or indirectly via an aryl or heteroaxyl group, Xa is 
15 suitably oxygen or Ci^ alkylene, optionally interupted by osgrgen, for 

instance -CH2OCH2- and Z and Xb is each oxygen, such that the preferred 
groups include -OP(0)(ORi3)2 and -CH20CH2-P(OXORi3)2. 

Preferred substitutions for R4 when this is a 4-phenyl, 4-naphth-l-yl 
or 5-naphth-2-yl moiety are one or two substituents each independently 
20 selected fix)m halogen, -SR5, -SOR5, -OR36* or -(CRioR2o)mNRioR20» and 
for other positions of substitution on these rings preferred substitution is 
halogen, •S(0)niR8, -ORg, -(CRioR2o)inNRi6R26, -NRioC(Z)R8 and 
-NRioS(0)inRii- More preferred substituents for the 4-poBition in phenyl 
and naphth*l-yl and on the S-position in naphth-2-yl indude halogen, 
25 especially fluoro and chloro, and -SR5 and -SOR5 wherdn R5 is preferably a 
C1.2 all^, more preferably methyl; of which fluoro is especially preferred. 
Preferred substituents for the S-position in phenyl and naphth-l-yl include: 
halogen, especially chloro; -ORg, especially Ci^ alkoxy; amino; 
-NRioC(Z)R8, especially -NHCOCCmo alkyl); and -NRioS(0)mRiit 
30 especially -NHS02(Ci.io alkyl). Preferably, the R4 moiety is an unsub- 
stituted or stibstituted phenyl moiety. More preferably, R4 is phenyl or 
phenyl substituted at the 4-position with fluoro and/or substituted at the 3- 
position with fluoro, chloro, C1-4 alko^, methanesulfonamido or acetamido. 
In a preferred subgenus of compounds of formula (I), Ri is 4-pyridyl, 
35 2-alkyl-4-pyridyl or 4-quinolyl; R2 is hydrogen or methyl; R3 is phenyl or 
phenyl substituted, preferably at the 4-position, with a substituent selected 
from -(CRioE^o)nY2 wherein T2 is wherein n is 0, 1, 2 or 3 and Y2 is -ORg* 
-NO2, -S(0)in*Rll, -SRg, -S(0)inNR8R9, -NRgRg , -0(CRioR2o)nNR8R9, 
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-C(0)R8. -CO2R8. -C02(CRioR20)nCONR8R9, -CN, ^DONRsRg. 
^(Z)NR80R9. •NRioS(0)mHli.-NRioC(Z)R8,-NRioC(Z)NR^ 
-C(=NORi3)NR8B9, -NRioC(=CRi4R24)NR8R9, 6^i8)-l,2,4-oxadizaol^yl. 
4-(Ri2>5^18Bl9H.5-daiydro-l,2,4-oxa<HazoW a 3,5-dimethyi or 
5 dihramM-hydrosyl groupixig; and R4 is phenyl or phenyl sub stituted at ihe 
4-position with fluoro and/or substituted at the 3-position with fluoro, chloro, 
Ci^ alko^, methanesulfonamido or acetamido. 

In EL more preferred subgenus, Ri is 4-pyridyl, 2-metiiyl-4-pyridyl or 
4-quinolyl; R2 is hydrogen or methyl; R3 is phenyl substituted at the 4- 

10 position with Ci-io alkylthio, Cue alkylsulfinyl, Ci-io alkylsulfonyl, 
N JJ-di(Ci-io alkyDamino C1.2 alkyl N-aralkyl-N-Ci-io alkylamino C1.2 
alkyl, N-morpholino C1.2 al^l, Ci-io alMsulfonamido, sulphonamida C1-2 
alkyl, 5-Ci.io aIkyl-4,5-dihydro-l,2,4-oxadiazol-3-yl or 5,5-di(Ci-io alkyD- 
4,5-dihydro-l^,4-ozadiazoI-3-yl; and R4 is phenyl or phenyl substituted at 

15 the 4-position with fluoro and/or substituted at the 3-position with fluoro, 
chloio, Cx^ alkoxy, methane-sulfonamido or acetamido. 

Suitable pdiaxmaceutically acceptable salts are well known to those 
skilled in the art and include basic salts of inorganic and organic adds, such 
as hydrochloric add, hydrobrpmic add, sulphuric add, phosphoric add, 

20 methane sulphonic add, ethane stslphonic add, acetic add, malic add, 

tartaric add, dtric add, lactic add, oxalic add, sucdnic add, iumaric add, 
maleic add, benzoic add, salicylic add, phenylacetic add and mandelic add* 
In addition, pharmaceutically acceptable salts of compounds of formula (D 
may also be formed witiii a pharmaceutically acceptable cation, for instance, 

25 ifa snbstituentYi in R3 comprises a caxboxy group. Suitable pharma- 
ceuticaUy acceptable cations are weU known to those skiUed in the art aM 
indude alkaHne, pl^aliuft earth, ammonium and quarterxiaryammomum 
cations. 

The following terms, as used herein, refer to: 
30 • "halo" - an halogens, tliat is chloro, fluoro, bromo and iodo; 

• "Ci-ioalkyl" or "alkyl" - both straight and branched chain radicals 
of 1 to 10 carbon atoms, unless tiie chain length is otherwise limited, 
induding, but not limited to, metiiyl, ethyl, n-propyl, iso-propyl, 7i-bu1yl, sec- 
butyl, iso-butyl, ferf-butyl, and the like; 

35 • "aryl" - phenyl and naphthyl; 

• "heteroaryl" (on its own or in any combination, sudi as 
"heteroaryloxy") - a 5-10 membered aromatic ring system in whidi one or 
more rings contain one or more heteroatoms selected from the group 
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consisting of N» O or S, such as, but not limited, to pyrrole, quinoline, 
isoquinoline, pyridine, pyrimidine, ozazole, ihiazole, thiadiazole, txiazole, 
imidazole, or benzimidazole; 

® "heterocyclic" (on its own or in any combination, such as 
5 "heterocydylalkjd") - a saturated or wholly or partially imsaturated 4-10 
membered ring system in which one or more rings contain one or more 
heteroatoms selected from the group consisting of N, O, or S; such as, but 
not limited to, pyrrolidine, piperidine, piperazine, morpholine, imidazolidine 
or pyrazolidine; 

10 • "aroyl" -aC(0)Ar, wherein Ar is as phenyl, napthyl, or arylallgrl 

derivatives, such as benzyl and the like; 

• "alkoyl" - a C(OKJl-l0alkyl wherein the alkyl is as defined above; 

• "sulfinyl" - the oxide (SO) of the corresponding sulfide whilst the 
term "thio" refers to the sulfide. 

15 The compounds of the present invention may contain one or more 

asymmetric carbon atoms and may exist in racemic and optically active 
forms. All of these compounds are included within the scope of the present 
invention. 

For the purposes herein of nomenclature, the compounds of formula 
20 (I) are named by their position corresponding to: 




Especially preferred compoimds of formula (I) include: 
4-(4-Fluordphenyl)-2-(4-methylthiophenyl>5-(4-pyridyl)inudazok 

25 4-(4-nuorophenyl)-2-(4-ethyltWophenyl>5-(4-pyridyl)imidazole; 

4-(4-nuorophenyl)-2-(4-methylsu]fonylphenyl>*5-(4-pyridyl)imidazok 
4-(4-nuorophenyl)-2*(4-methylsu]finylphenyl}*5-(4*pyridyl)imida^ 
4*(4-Fluoroidienyl>2-(4*ethykulfinylphenyl>5-(4-pyri 
4-(3-CUorophenyl>2*(4-xnethylsulfin3dphenyl>5-(4-pyridyl)im 

30 2-[4<<N-Me1hyl-N-bexizyl)aimnomethylphenyl]-4*(4^^ 
pyridyl)imidazole; 

4-(4-Fluorophenyl)-5-[4-(2-methylp3nidyl)]-2-(4-methylthiophenyl)imidaa^ 
4<4-Muorophenyl)-5-[4-(2-methylpyridyl)]-2-(4-methylsi2lfiny^ 
imidazole; 

35 4-(4-nuorophenyl)-2-(4-methylsulfinylphenyl>5-(4-quinolyl)imidaz^ 
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2-[4-(N^Morpholixio)methylphenyl]-^ 

imidazole; and 
phaimaoeuiicany acceptable salts thereo£ 

5 Other preferred compoiinds of formula (D include: 

2-[(4-N,N-IHmethyl)aminomethylphenyl]-4K4-£luorop^^ 
imidazole; 

2- (4-Methanesulfonamidophenyl)-4-(4-fluorophenyl)-5-(4-p^ 
4-(4-nuorophenyl)-2-(4-methylthiophenyI)-5-(4-quinolyl)^ 

10 4-(3-CMorophenyl>2-(4-methylthiophenyl>5-(4-pyridyl)im 
4-(3-Metho^henyl>2-(4-methylthiophenyl)-5-(4-pyridyl)i^ 
4-(3-Metho^henyl>2-(4-methylsiilfinylphenyI)-W 
4-(3-Metlianesul&namidophenyl)-2-(4-methylthiophenyl>^ 

imidazole; 

15 ii.(a-MAt1ignftmi1feTiftTni<1nptienylV2-(4-methylsul^ 
imidazole; 

3- [4-(4-Huorophenyl)^-(4-pyridyl)imidazol-2^yl]ph^^ 

dihydro-l,2y4-oxadiazole; or 
3-[4-(4-Pluorophenyl)-5-(4-pyridyl)imidazol-2-yl]phen 
20 dihydro*l,2,4-oxadiazole; and 

pharmaceuticaUy acceptable salts thereof. 

Compoxmds of formula (1) are imidazole derivatives which may be 
readily prepared using procedures well-known to those skilled in Hie art, 

25 and described in, for instance, Comprehensive Heterocyclic Chemistry, ed 
Katritzl^ and Bees, Pergamon Press, 1984, 5, 457-497, £rom starting 
^ flt^ri ^lg which are either corunerdally available or can be prepared from 
such hy analogy with well-known processes. A key step in many such 
syntheses is the fermation of the central imidazole nudeus, to give 

30 compounds of formula (I). Suitable procedures are described in inter alia US 
patent nos. 3,707,475 and 3,940,486 which are herein incorporated by 
reference in their entirety. These patents describe the synthesis of a- 
diketones and a-hydro^ketones (benzoins) and tiieir subsequent use in 
preparing imidazoles anri N*hydroxyl imidazoles. Thereafter, further 

315 compounds offormula (I) may be obtained by manipulating substituents in 
any of the groups Ri, R2, R3 and R4 using conventional functional group 
interconversion procedures. 

In particular, in a first process, compounds offormula (D may be 
inrepared by condensing an a-diketone offormula (ID: 
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R1COCOR4 (ID 
wherein Ri and R4 are as hereinbefore defined, or an equivalent thereof, 

with an aldehyde of the formula (UI): 

R3CHO (HI) 
5 wherein R3 is as hereinbefore defined, or an equivalent thereof, and, if 
necessary, with aTrnnnwisi or a source thereof, under imidazole*ring formizig 
conditions. 

Suitable equivalents of the a-diketone are well known to those skilled 
in the art and indude the corresponding a-keto-oaime and a-diozime. 

10 Suitable equivalents of the aldehyde of formula (111) are well known in the 
art and include the corresponding oxime and acetal. 

Ammonia, or a source thereof, is preferably used in excess, with at 
least a dimolar amount being used in the case of the ot-diketone and at least 
an equimolar amoimt in the case of the o-keto-oxime. 

15 Suitable sources ofammoziia indude ammomum salts of organic 

cazboxylic adds, such as an ammonium Ci-e alkanoate, for instance 
ammonium acetate and ammonium formate, preferably ammonium acetate, 
and caibozylic amides, in particular of formic add, such as formamide. An 
ammonium salt is generally used in large excess and in the presence of an 

20 add, such as a Ci^ carboxylic add which add may also be used as a solvent 
for the reaction. If formamide is used, this may be used in excess, as the 
reaction solvent. An alternative solvent such as ethanol or dimethyl 
sulphoxide (Lantos et al, J Het Chem, 19, 1375, 1982) may be used. An 
additional solvent may also be employed, for instance, dimethyl formamide 

25 may be used with formamide. The reaction is generally carried out at 

elevated temperatures, for instance under reflux conditions, and if desired, 
in a sealed vessel optionally under pressure and/or an inert gas atmosphere, 
for inst.ancR nitrogen. 

A further suitable source of ammonia is hydrosgrlamine, in which case 

30 the initially formed imidazole is an N-hydroxy-N-oxide imidazole. This may 
then be reduced to the corresponding N-hydroxy imidazole by treating with 
a suitable reducing agent such as sodium borohydride, in an appropriate 
solvent such as methanol, following the method of Akange and Allan, Chem 
and Ind, 5 Jan 1975, 38. The N-hydroxy imidazole may in turn be converted 

35 to an imidazole of formula (I) in which R2 is hydrogen by treatment with a 
conventional deoxygenating agent such as phosphorus trichloride or a 
trialkylphosphite such as trimethyl- or triethyl-phosphite. N-hydroxy*N- 
oxide imidazoles may be readily obtained by treating an a-diketone of 
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f omuila (ID mfii an aldehyde of f onnula (H) with about two equivalents of 
hydroxylaxniiie or the coxrespondixig aldoame and about one equivalmt of 
hydiwlambti^^der proton cataly^ Alternatively, the N-oxide may be 
obtained by the add catalysed condensation of the corresponding a-dioame 
5 or a*keto^xinie wiHi an aldozime of the aldehyde of formula (m). 

When tiie compound of formula (ID is an a-keto-oxime derivative, it 
will be appreciated that tiie product initially obtained will be a compound of 
formula (D in which R2 is hydro^l which may be converted into a 
compound of formula (D in which R2 is hydrogen as described above. 

10 It will be appreciated by those skilled in the art that in some 

instances, it will not be necessary to provide a separate source of ammonia 
as the a-diketone or aldehyde equivalent may already contain such a source* 
Examples of this include a-dioxime or a-keto-oxime and aldoxime. 

The compounds of &rmula (ID may be obtained by applying well- 

15 known synthetic procedures, some of which are illustrated in schemes I and 
n. Although these iQustrate syntheses in wbi(diB4 is either 4-pyridyl^ 

quinolinyl, they may be equally applied to any of the other heteroaryl rings 
within the definition of R4 by appropriate choice of starting material. 

In Scheme I, the anion prepared from 1 , by treatment with a strong 

20 base such as lithium di-iso-propylamide, is condensed with a substituted 
benz-aldehyde, to give, after removal of the protecting group, the diol 2. 
This may then be converted to the a-diketone 3 by a Swem oxidation of 
which any number of potentially useful variations are known and may be 
used. The a-diketone 3 is then cydised to an imidazole 4, a compound of 

25 formula (D> by heating 3 with a substituted benzaldeh3^ein a mixture of 
ammonium acetate, as the source of ammonia, and an appropriate solvent, 
for example acetic add or DMSO. The imidazole 4 may then be 
transformed into other imidazoles 6 by appropriate functional group 
interconversion procedures. Scheme I also illustrates the preparation of a 

30 protected a-hydroxyketone 2a, by condensing the anion of 1 witii an 
appropriately activated carbonyl derivative of a substituted benzamide, 
such as tiie N-methoxy-N-methylamide, to yield a protected a- 
hydro:^ketone. This adduct 2a may then be directiy converted to the 
imidazole 5, using a combination of a copper (11) salt, such as copper (IE) 

35 acetate, as an oxidising agent and ammon-ium acetate as a source of 
ammonia. The a-hydio^ketone 2a may also be deprotected and thea 
oxidised to give an a-diketone 3, for instance using Swem ozidatian. 
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X . Cq^. CH2NR2. CONfV CHgNSOsR 
Y»F.S(O)^.n.0-2 



Scheme I 

5 Scheme niUustrates the use ofana-keto-ozime for pre 

CQmpound of formula (1). A heterocyclic ketone 7 is prepared fay adding the 
anion of 4-methyl-quinoline (prepared by treatment thereof with an alkyl 
lithium, such as n-butyl lithium) to an N-alkyl-O-alkoxybenzamide. 
Alternatively, the anion may be condensed with a benzaldehyde, to give an 

10 alcohol which is then oxidised to the ketone 7. The a-keto-oxime 8 is then 
prepared firom 7 using standard conditions, such as reaction with sodium 
nitrite, and this may then be reacted with a benzaldehyde to afford an N- 
hydroxyimidazole 9, a compound of formula (1) in which R2 is hydroxy. This 
may converted to 10, a further compound of formula (I) in which R2 is 

15 hydrogen, by treating it with a deoxygenating agent such as phosphorus 
trichloride or a trialkyl phosphite, such as trimethyl or triethylphosphite. 
For compounds of formxala a) wherein R3 is -(CRioR2o)n-P(Z)-(XbRl3)2> the 
reagent OHCMCRioR2o)n-P(Z)-(XbRi3)2 may be used instead of OH&C6H4- 
X to make the appropriately substituted compound 9. 
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Scheme n 



5 In a fiuiier process, a compound of formula (D may be obtained by 

treating an a-hydro^ketone compound of formula (HA): 

R'CHOHCOR" (HA) 
wberein one of R' andR" is Ri and the other is R4, a suitably protected 
derivative thereof or the a-hydrozyrozime or a-haloketone derivative 

10 th^^^ vntii an oxidising agent capable of converting said compound into 
the corresponding a-diketone, in the presence of an aldehyde of formula (UD 
or an equivalent thereof » and a source of ammonia. Suitable oxidising 
agents indude, for example, an oxidising heavy metal salt, preferably an 
organic copper (ID salt, such as copper (ID acetate or copper (ID citrate. The 

15 reaction may be effected in a solvent such as acetic add, under reflux 
conditions. Alternatively, a lower alkanol solvent, such as methanol or 
ethanol, may be used, preferably at a temperature in the region of from 30 
to lOO^C (see The Chemistiy of Heterocydic Ck)mpounds, Imidazole and its 
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derivatives, part I, ed. Weissbeiger, Lutersdence Publishers, Inc., New York, 
1953,38). This approach is also illustrated in Scheme L 

In a further process, a compound of formula (1) may be obtained by 
treating an amidlne of formula (IV): 
5 Il3C(=NH)NHR2 (IV) 

wherein R2 and R3 are as hereinbefore defined, or a salt thereof, with a 
reactive ester of an a-hydroxyketone of formula (IIA) or the corresponding 
a-haloketone, in an inert solvent such as a halogenated hydrocarbon 
solvent, for example chloroform, at a moderately elevated temperature and, 

10 if necessary, in the presence of a suitable condensation agent such as a base. 
Suitable reactive esters include esters of strong organic adds such as a 
lower alkane sulphonic or axyl sulphonic add, for instance, methane or p- 
toluene sulphonic add. The amidine of formula (IV) is preferably used as 
the salt, suitably the hydrochloride salt, which may then be converted into 

15 the free amidine in situ , by employing a two phase system in whidi the 
reactive ester is in an inert organic solvent sudi as chloroform, and the salt 
is in an aqueous phase to whidi a solution of an aqueous base is slowly 
added, in dimolar amount, with vigorous stirring. Suitable amidines of 
formula (IV) may be obtained by standard methods, see for instance, 

20 Gazigipati R, Tetrahedron Letters, 190, 31, 1989. 

In a further process, a compound of formula (D may be obtained by 
treating an iminoether of formula (V): 

RaCsrNOR (V) 
wherein R3 is as herdnbefore defined and R is Ci.io alkyl, aryl or aiyl Ci^ 

25 all^l, with an Or-aminoketone of the formula (VI): 

R'CHNHjjCOR" (VD 
wherein one of R' andR" is Ri and the other is R4 in a suitable solvent 

In a further process, N-substituted comi>ounds of formula (I) may be 
prepared by treating the anion of an amide of formula (VQ): 

30 R1CH2NR2COR3 (VH) 

wherein Ri and R3 are as hereinbefore defined and R2 is as hereinbefore 
defined other than hjrdrogen, with: 

(a) a nitrile of the formula (Vm): 

R4CN (Vm) 
35 wherein R4 is as hereinbefore defined, or 

(b) an excess of an acyl halide, for instance an acyl chloride, of the 
formula (IX): 

RdCOHal (DO 
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whereinRiis as hereinbe&re defined and Hal is halogezit or a 
coxiesponding anhydride, to give a bis-scyiated intermediate wtddx is then 
treated with a source of ammonia, such as ammonium acetate. 

This approach permits the r^giospedfic preparation of compound of 
5 formula (D substituted at the 1-position, as illustrated in Scheme m. A 
primary amine RNH2 is treated with 4-chloromethylpyridine to give 1 1 
which is then converted to the amide 12 by standard techniques. 
Deprotonation of 12 with a strong amide base, such as litiiium di-iso-propyl 
amide or sodium 6is-(trimethylsilyl)amide, followed by addition of an excess 

10 of an aroyl chloride yields the 6is-a<ylated compound IS which is then closed 
to an imidazole compound of formula (1), 14^ by heating in acetic add 
containing ammonium acetate. Alternatively, the anion of 12 may be 
reacted with a substituted aryl nitrile to produce the imidazole 14 directly. 

H 

12 

1.}LDA 
2-)Y^hCN 




15 



Scheme III 



In a further process, compounds of formula (D may be prepared by 
treating a compound of formula (X): 

R'COCHE'XcCORs 00 

20 wherein R*, R" and R3 are as hereinbefore defined and Xc is 0 or NH, with a 
source of ammonia, as hereinbefore described, under imidazole ring forming 
conditions or cyclising the corresponding SchifiPs base, formed by treating the 
compound of fiirmula (X) in whidi Xc is NH with an anoine B2NH2, fi>r 
instance thmnaUy or with the aid of a (Tchsing agent such as phosphorus 

25 QZ3^chloride or jdiosphorus pentadiloride (see Engel and Stes^ch, liebigs 
Ann Chem, 1978, 1916 and Strzybny ef aL, J Org Chem, 1963, 28, 3381). 
Compounds of formula (X) may be obtained, for instance, by apylating the 
corresponding o-keto-ozime (Xc is NE) or a-hydroxyketone (Xe is 0) with an 



-16- 



wo 93/14081 



PCr/US93/00674 



acyl halide of the formula RsCOHal wherein R3 is as hereinbefore defined, or 
the corresponding anhydride, under standard acylating conditions. 

In a further process, compounds of formiila (D may be prepared by 
coupling a suitable derivative of a compound of formula QQ): 



5 




wherein: T2 is a nitrogen protecting group or R2, other than hydrogen; and 
Ti is hydrogen, T3 is Q and T4 is R4; TiisRi.Tsis hydrogen and T4 is R4; 
or Ti is Ri, T3 is Q and T4 is hydrogen , in which Ri, R2, R3, R4 and Q are as 
hereinbefore defined; with: (i) when Ti is hydrogen, a suitable derivative of 
10 the heteroaryl ring RiH, under ring coupling conditions, to effect coupling of 
the heteroaryl ring Ri to the imidazole nucleus at position 5; (ii) when T3 is 
hydrogen, a suitable derivative of the aiyl or heteroaryl ring QH, under ring 
coupling conditions, to effect coupling of the ring Q to the imidazole nucleus 
at position 2; or (iii) when T4 is hydrogen, a suitable derivative of the aryl 

15 ring R4H, imder ring coupling conditions, to effect coupling of the aryl ring 
R4 to the imidazole nucleus at position 4. 

Such azyl/heteroaryl coupling reactions are well known to those 
skilled in the art In general, an oxi^anometallic synthetic equivalent of an 
anion of one component is coupled with a reactive derivative of the second 

20 component, in the presence of a suitable catalyst. The anion equivalent may 
be formed firom either the imidazole of formula (XI), in which case the 
aryl/heteroaryl compound provides the reactive derivative, or the 
aryl/heteroaryl compound in which case the imidazole provides the reactive 
derivative. Accordingly, suitable derivatives of the compound of formiila (XI) 

25 or the aryl/heteroaryl rings include organometallic derivatives such as 

organomagnesium, organozinc, oiganostannane and boronic add derivatives 
and suitable reactive derivatives include the the bromo, iodb, fluorosiolfonate 
and trifluoromethanesulphonate derivatives. Suitable procedures are 
described in WO 91/19497, the disclosure of which is herewith incorporated. 

30 Suitable organomagnesium and organozinc derivatives of a compound 

of formula (XI) may be reacted with a halogen, fiuorosulfonate or triflate 
derivative of the heteroaryl or aryl ring, in the presence of a ring coupling 
catalyst, such as a palladium (0) or palladium (ID catalyst, following the 
procedure of Kumada et al.. Tetrahedron Letters, 22, 5319 (1981). Suitable 

35 such catalysts include te^ra&i$-(triphenylphosphine)palladium and 
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Pda2ll4.6is-(diphenyiphosphino)-butane], optionally in the presence of 
Uthnmdiloiideaiidabase,Buchastriethylan^ In addition, a nickel (ID 
catalyst, such as M(IDa2(l>hiphenylphosphino)ethane, may also be used 
for mT^^^g ^" ""gr following the procedure of Pridgen, J OrgChrai, 
5 1982, 47, 4319- Suitable reaction solvents include hexamethyiphosphor- 
anride. When the heteroaryl ring is 4-pyridyl, suitable derivatives include 
4-bromo- and 4-iodo-pyridine and the fluorosulfonate and triflate esters of 4- 
hydroxy pyridine. Similarly, suitable derivatives for ¥^en the aiyl ring is 
phenyl indude the bromo, fluorosulfonate, triflate and, preferably, the iodo- 

10 derivatives. Suitable organomagnesiuni and organozincdaivatives may be 
obtained by treating a compound of formula OQ) or the bromo derivative 
thereof with an alkyllithium compound to yield tiie corresponding lithium 
reagent by deprotonation or transmetallation, respectivdy. This lithium 
intermediate may then be treated witih an excess of a magnesium hafide or 

15 wTift halide to yield the corresponding organometallic reagent. 

A trial^ltin derivative of the compound of formula Qd) may be 
Iroated with a bromide, fluorosulfonate, triflate, or, preferably, iodide 
derivative of an ar^ or heteroaryl ring compound, in an inert solvent such 
as tetralqrdrofuran, preferably containing 10% hexamethylphosphoramide, 

20 in the presence of a suitable coupling catalyst, such as a palladium (0) 

catalyst, for instance iefrafcw-(triphenylphosphine)palladiun[i, by the method 
described in by Stflle, J Amer Chem Soc, 1987, 109, 5478, US Patents 
4,719,218 and 5,002,942, or by using a palladium (ID catalyst in the 
presence of lithiimo. chloride optionally with an added base such as 

25 triethylamine, in an inert solvent such as diniethylformamide. Triaftyltin 
derivatives may be convenientiy obtained metdlation of the corres- 
ponding compound of formula (XD with a litiuating agent, such as s-bufyl- 
lithium or n-butyllithium, in an ethereal solvent, such as tetrahydrofuran, 
or treatment of the bromo derivative of the corresponding compound of 

30 formula CXD witii an alkyl Utiiium, followed, in each case, by tireatment with 
a triall^ltin halide. Alternatively, the bromo- derivative of a compound of 
formula Qd) may be treated with a suitable heteroaryl or aryi trial^l tin 
compound in the presence of a catalyst such as feirofeis-Ctriphenyl- 
phosphineVpalladium, under conditions similar to those described above. 

35 Boronic add derivatives are also useful. Hence, a suitable derivative 

of a compound of formula (XI), such as tiie bromo, iodo, triflate or 
fluorosulphonate derivative, may be reacted with a heteroaryl- or arjd- 
boronic add, in the presence of a palladium catalyst such as fe^ra^- 
(triphenylphosphine)-panadium or Pda2[l>^^^-(^P^3^P^^^P^^)~ 
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butane] in the presence of a base such as sodium bicarbonate, under reflux 
conditions, in a solvent such as dimethoxyethane (see Fischer and Haviniga» 
Rec Trav. Chim. Pays Bas, 84, 439, 1965, Smeckus,V., Tetrahedron Lett, 
29, 2135, 1988 and Terashimia, M., Chem. Phann. Bull., 11, 4755, 1985). 
5 Non-aqueous conditions, for instance, a solvent such as DMF, at a 

temperature of about lOO^C, in the presence of a PdCU) catalyst may also be 
employed (see Thompson W J aZ, J Org Chem, 49, 5237^ 1984). Suitable 
boronic acid derivatives may be prepared by treating the magnesium or 
lithium derivative with a trialkylborate ester, such as triethyl, tri*i50*propyl 

10 or tribulylborate, according to standard procedures. 

In such coupling reactions, it will be readily appreciated that due 
regard must be ^erased with respect to functional groups present in the 
oompunds of formula (XI). Thus, in general, amino and sulfur substituents 
should be non-oxidised or protected and the N-1 nitrogen of a compound of 

15 formtda (XI) be protected, if an NH compound is finally required. Nitro, 
bromo, iodo and hydroxyl groups should preferably be avoided in compounds 
of formula (XI) in which Ti is hydrogen. 

Compounds of formula (XI) aro imidazoles and may be obtained by 
any of the inroceduros herein before described for preparing compoxmds of 

20 formula (1). In particular, an a-halo-ketone R4COCH2Hal (for compounds of 
fcnmula (XI) in which Ti is hydrogen) or RiC0CH2Hal (for compounds of 
fonnula (XD in which T4 is hydrogen) may be reacted with an amidine of 
formula (IV) or a salt thereof, in an inert solvent such as a halogenated 
hydrocarbon solvent, for instance chloroform, at a moderately elevated 

25 temperature, and, if necessaiy, in the presence of a suitable condensation 
agent such as a base. The preparation of suitable a-halo-ketones is 
described in WO 91/19497. For a compound of formula (XI) in which T3 is 
hydrogen, an a-diketone of formida (ID may be condensed with a 
formaldehyde or an equivalent thereof, in l^e presence of a source of 

30 ammonia. Suitable bromo derivatives of the compound of formula (XD may 
be obtained by brominating the corresponding compound of formula (XD 
under standard brominating conditions, for instance bromine in a solvent 
such as dichloromethane or THF. 

. Compounds of formula (D may also be prepared by a process which 

35 comprises reacting a compound of formula (XD> wherein Ti is hydrogen, 
with an N-acyl heteroazyl salt, according to the method disclosed in US 
patents 4,803,279, 4,719,218 and 5,002,942, to give an intermediate in 
which the heteroaiyl zing is attadied to the imidazole nud^ 
present as a 1,4-dihydro derivative thereof, which intermediate may then be 
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sulgeded to (uddative-deapylation conditioofi. The heteroaxjd salt, for 
inatannPt a pyiidioium. salt, may be either preformed or, more preferably, 
prepared in situ by addmg a substituted carbonyl halide (such as an acyl 
halide, an aroyl halide, an aiylalkyl haloformate ester, or, preferably, an 
5 alkyl haloformate ester, such as acetyl bromide, benzoylchloride, benzyl 
chlorofonnate, or, preferably, ethyl chloroformate) to a solution of the 
compound of formula (XD in the heteroarji compound RiH or in an inert 
solvent such as methylene chloride to which the heteroazyl compound has 
been added. Suitable deac^lating and oxidising conditions are described in 

10 U.S. Patent Nos. 4,803,279, 4,719,218 and 5,002,942, which references are 
hereby incorporated in their entireiy. Suitable oxidising systems indude 
sulfiir in an inrart solvent or solvent mixture, such as decalin, decalin and 
di^yme, p-cymene, xj^ene or mesitylene, under reflux conditions, or, 
preferably, potassium ^-butoxide in t-butanol wilii dry air or oxygen. 

15 Once tiie iwwHa«ilft nucleus has been established, furth^ compounds 

of formula (D v^ch may be prepared by applying standard techniques for 
functional group interconviersion, for instance: -CCONRgRg from -C02CHi3 
by heating with or without catalytic metal qramde, e.g. NaCN, and 
HNK8R9 in CH3OH; -0C(0)R8 from -OH with e.g.,aC(0JR8 in pyridine; 

20 -NRio-C(S)NR8R9 from -NHRio with an alkylisothiocyante or thiocyanic 
add; KB6C(OX)B6 from -NHRe with the alkyl ddoroformate; 
-NRioC(0)NR8R9 from -NHRio by treatment with an isopyanate, e.g. 
HN«CsO or BioNsCaO; -NRio-CXORs from -NHRio by treatment with 
a-C(0)R8 in pyridine; -a^NRioJNRsRg frOTi -C(NR8R9)SR8^th 

25 HsNRS+OAr by heating in alcohol; -C(NR8R9)SR8 from -C(S}NR8R9 ^th 
Be-I in an inert solvent, e.g. acetone; -C(S)NR8R9 (where Rs or R9 is not 
hydrogen) finm -C(S)NH2 witii HNR8R9> -C(=NCN)-NR8R9 from 
-C(s;NR8R9)-SR8 with NH2CN by heating in anhydrous alcohol, 
alternatively from -C(=NH)-NR8R9 by tireatment witii BrCN and NaOEt in 

30 EtOH; -NRio-C(«NCN)SR8 from -NHRiO by treatment with 

(R8S)2C«N(3N; -NR10SO2R8 from -NHRio by tareatment with aS02R8 by 
heating in pyridine; -NRioC(S)R8 from -NRioC(0)R8 by treatment, with 
Lawesson's reagent [2,4-6is(4-methoxyphenyl)-l,3,2,4-dithiadiphosphetane- 
2,4-disulfide]; -NR10SO2CF3 from -NHRe witii triflic anhydride and base; 

35 -NRioC(0)-C(0)-OR8 from -NHRio with, e.g. methyloxalyl ddoride and a 
base sudi as triethylamine; -NRioC(0)-C(0)-NB8R9 from -NRiqCXOKXO)- 
0B8 with HNB8R9: and l-(NRio>2-imidaz61yl from •C(sNH)NHRio by 
heating with. 2-diloroacetaldehyde in chloro&zm (wherein Re, Rsi B9 and 
RlO are as herdnbefore defined). 
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Compounds of formula (1) in which R2 is hydrogen may he readily 
converted into further compounds of formula (I) in which R2 is other than 
hydrogen, for instance alkyl, hy conventional procedures such as alkylation 
or apylation followed by reduction. Such methods are in general relatively 
5 inefficient as they lack regiospedficty and the desired N-1 product has to be 
separated from the mixture of N-1 and N-3 products, for instance by 
chromatography or fractional crystallisation. 

Suitable protecting groups for iise with hydroxyl groups and the 
imidazole nitrogen are well known in the art and described in many 
10 iMerences, for instance, Protecting Groups in Organic Synthesis, Greene T 
W, Wey-Litersdence, New York, 1981. Suitable examples of hydnnorl 
protecting groups include silyl ethers, such as t-butyldimethyl or t- 
butyldiphenyl, and al^l ethers, such as methyl connected by an alkyl chain 
of variable link, (CRioR2o)n- Suitable examples of imidazole nitrogen 
15 protecting groups include tetrahydropjranyL 

Pharmaoeutically add addition salts of compounds of formula (I) may 
be obtained in known manner, for example by treatment thereof with an 
appropriate amount of add in the presence of a suitable solvent. . 

20 METHODS OF TREATMENT 

The compounds of Formula (1) or a pharmaoeutically acceptable salt 
thereof can be used in the manu&cutre of a medicament for the prophylactic 
or therapeutic treatment of any disease state in a human, or other mammal, 
which is »cacerbated or caused by excessive or unregulated q^kine 

25 producution by such mammal's cell, such as but not hmited to monocytes 
and/or macrophages. 

Compounds of formula (1) are capable of inhibiting proinflammatoiy 
cytokines, such as ILrl, ILr6, JL-S and TNF and are therefore of use in 
therapy. IL-1, II>8 and TNF affect a wide variety of cells and tissues and 

30 these Qrtokines, as well as other leukocyte-derived cytokines, are important 
and critical inflammatory mediators of a wide variety of disease states and 
conditions. The inhibition of these pro-inflammatory cytokines is of benefit 
in controlling, reducing and alleviating many of these disease states. 

Accordingly, the present invention provides a method of treating a 

35 (Ttokine-mediated disease which comprises administering an effective 
cytokine-interferring amount of a compound of formula (I) or a 
pharmaceutically acceptable salt thereof 
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la particular, compounds of formula (D or a pharmaceutically 
acceptable salt thereof are of use in the prophylaxis or therapy of any 
disease state in a human, or other mammal, which is exacerbated by or 
caused by excessive or unregulated IL-1, IL-8 or TNF production by such 
5 mammal's cell, such as, but not limited to, monocytes and/or macrophages. 

Accordingly, in another aspect, this invention relates to a method of 
inhibiting the production of IL-l in a mammnl in need thereof which 
comprises administering to said TnaTmrml an efifective amount of a 
compoimd of formula (1) or a pharmaceutically acceptable salt thereof. 

10 There are many disease states in which excessive or unregulated I]>1 

production is inq>licated in exacerbalmg and/or causing the disease. These 
include liieumatoid artliritis, osteoaiiiiritis, endotoxemia and/or toxic shock 
syndrome, otiier acute or chronic inflammatory disease states such as the 
inflammatory reaction induced by endotoxin or inflammatory bowel disease, 

15 tuberculosis, atherosclerosis, muscle degeneration, multiple sderosis, 

cach eYia , bone resorption, psoriatic arthritis, Reiter's syndrome, rheumatoid 
arthritis, gout, traumatic arthritis, rubella artliritis and acute synovitis. 
Recent evidence also links IL-1 activity to diabetes, pancreatic fl cells and 
Alzheimer's disease. 

20 In a further aspect, this invention relates to a method of inhibiting 

the production of TNF in a TngTmnfll in need thereof which comprises 
administering to said mgiTiTnal an effective amount of a compound of 
formula (D or a pharmaceutically acceptable salt thereof 

Enessive or unregulated TNF production has been implicated in 

25 mediatingorexacerbatmg a number of diseases including rheumatoid 
arthritis, rheumatoid spondylitis, osteoazHiritis, gouty arthritis and other 
arthritic conditions, sepsis, septic shock, endotoxic shock, gram negative 
sepsis, toxic shock syndrome, adult respiratory distress syndrome, cerebral 
malaria, chronic pulmonary inflammatory disease, silicosis,' pulmonaiy 

30 sarcoisosis, bone resorption diseases, such as osteoporosis, reperfiision 

injury, graft vs. host reaction, allograft rejections, fever and mj^algias due to 
infection, such as influenza, cachexia secondary to infection or malignanqr, 
cachexia secondary to acquired immune deficiency syndrome (AIDS), AIDS, 
ARC (AIDS related complex), keloid formation, scar tissue formation, 

35 Crohn's disease, ulcerative colitis and pyresis. 

Compounds of fiirmula CO are also usefiil m tiie treatment of viral 
infections, where such viruses are sensitive to upreguLation by TNF or will 
elicit TNF production muiuo. The viruses contempUted for treatment 
hoein are those that produce TNF as a result of infection, or those which 
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are sensitive to inhibition, such as by decreased replication, directiy or 
indirecdy, by the TNFiDhibitingHrompounds of formula (1). Such viruses 
include, but are not limited to HIV-1, HIV-2 and HIV-3, Cytomegalovirus 
(CMV), influenza, adenovirus and the Herpes group of viruses, such as but 
5 not limited to, Herpes Zoster and Herpes Simplex. Accordingly, in a further 
aspect, this invention relates to a method of treating a mammal afEIicted 
with a human immunodeficiency virus (HIV) which comprises 
administering to such mammal an effective TNF inhibiting amount of a 
compound of formula (D or a pharmaceuticaUy acceptable salt thereof. 

10 Compounds of formula (D may also be used in association with the 

veterinary treatment of mammals, other than in humans, in need of 
inhibition of TNF production. TNF mediated diseases for treatment, 
therapeutically or prophylactically, in animals include disease states such 
as those noted above, but in particular viral infections. Examples of such 

15 viruses include, but are not limited to, the lentivirus infections such as 
equine infectious anaemia virus, caprine arthritis virus, visna virus, or tiie 
maedi virus, or the retroviruses, such as feline immunodefidenQr virus 
(FIV), bovine immunodeficiency virus, or canine immunodeficiency virus. 
The compounds of formula (D may also be used topically in the 

20 treatment or prophylaxis of topical disease states mediated by or 

exacerbated by excessive cytokine production, such as by IL-1 or TNF 
respectivdy, such as inflamed joints, eczema, psoriasis and other 
inflammatoiy skin conditions such as sunburn; inflammatory eye conditions 
including CQi^junctivitis; pyrosis, pain and other conditions associated with 

25 inflawimnt ^nn 

Compounds of formula (1) have also been shown to inhibit the 
production ^IL-8 (Interleukin-8, NAP). Accordingly, in a further aspect, 
this invention relates to a method of inhibiting the production of UrS in a 
mammal in need thereof which comprises administering to said mflTnTnni an 

SO effective amount of a compound of formula (I) or a pharmaceuticaUy 
acceptable salt thereof. 

There are many disease states in which excessive or imregulated UrS 
production is implicated in exacerbating and/or causing the disease. These 
diseases are characterized by massive neutrophil infiltration such as, 

35 psoriasis, inflammatoiy bowel disease, asthma, cardiac and renal 

rep^rfiision iqjury, adult respiratoxy distress qnadrome, thrombosis and 
glomerulonephritis. AH of these diseases are associated with increased IL-8 
production which is responsible for the chemotaxis of neutrophils into the 
inflammatory site. In contrast to other iziflammatory cytokines (IL-1, TNF, 
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and IL-6), IL-8 has the lauque property of promoting neutrophil chemotazis 
and activation. Therefore, the inhlMtion of IL-8 pn)duction would lead to a 
direct reduction in the neutophil infiltration. 

The compounds of formula (D are administered in an amount 
5 sufficient to inhibit pytokine, in particular IL-1, IL-8 orTNF, production 
such that it is regulated down to normal levels, or in some case to 
subnormal levels, so as to ameliorate or prevent the disease state. 
Abnormal levels of IL- 1, IL-8 or TNF, for instance in the context of the 
present invention, constitute: (i) levels of free (not cell boimd) IL-1, IL-8 or 
10 TNP greater than or equal to 1 picbgram per ml; (ii) any cell associated IL-1, 
IL-8 or TNF; or (iii) the presence of IL-1, IL-8 or TNF mBNA above basal 
levek in cdls or tissues m which IL-1, IL-8 or TNF, respectively, 

produced. 

The discovery tiiat the compounds of formula (D are inhibitors of 
15 qytokmes, specifically IL-1, IL-8 and TNF is based upon the eflfects of tiie 
compounds of formulas CD oh the production of the IL- 1, IL-8 and TNF in in 
vitro assays which are desczibed herein. 

As used herein, the term "inhibiting tiie production of IL-1 (IL-8 or 
TNF)" refers to: 

20 a) a decrease of excessive in vivo levels of the cytokine (IL-1, IL-8 or 

TNF) in a human to normal or sub-normal levels by inhibition of the in vivo 
rdease of the (^tokine by all cells, including but not limited to monocytes or 
macrophages; 

b) a down regulation, at the genomic level, of ooessive in vivo levels 
25 of the cytokine (IL- 1, IL^ or TNF) in a human to normal or sub-normal 

levels; 

c) a down regulation, by inhibition of the direct synthesis of the 
cytokine (IL-1, IL-8 or TNF) as a postranslational event; or . 

d) a down regulation, at the translational levd, of excessive in vivo 
30 levels of the cytokine (IL-1, IL-8 or TNF) in a human to normal or sub- 
normal levels. 

As used herein, the term "TNF mediated disease or disease state" 
refers to any and all disease states in which TNF plays a role, either by 
production of TNF itself, or by TNF causing another monokine to be 
35 released, such as but not limited to IL-1, IL-6 or IL-8. A disease state in 
which, for instance, IL-1 is a major romponent, and whose production or 
action, is exacerbated or secreted in response to TNF, would therefore be 
considered a disease stated mediated by TNF. 
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As used herein, the term ''cytokine" refers to any secreted polypeptide 
that afiGscts the functions of cells jemd is a molecule which modulates 
interactions between cells in the immune, inflammatory or hematopoietic 
response. A cjrtokine includes, but is not limited to, monokines and 
5 lynq>hokines, regardless of which cells produce them. For instance, a 
monokine is generally referred to as being produced and secreted by a 
mononuclear cell, such as a macrophage and/or monocjrte. Many other cells 
however also produce monokines, such as natural killer cells, fibroblasts, 
basophils, neutrophils, endothelial cells, brain astrocytes, bone marrow 

10 stromal cells, epideral keratinopjrtes and B-lymphocytes. Lymphokines are 
generally referred to as being produced by lymphodye cells. Examples of 
cytokines include, but are not limited to, Jnterleukin-l (IL-1), Interleukin-6 
(IL-6), Interleukin-8 (IL-8), Tumor Necrosis Factor-alpha (TNF«a) and 
Tumor Neerosis Factor beta (TNF*B). 

15 As used herein, the texm "csrtokine interfering" or "cytokine 

suppresive amount" refers to an efifective amount of a compound of formula 
(I) which will cause a decrease in the in vivo levels of the C3rtokine to normal 
or sub-normal levels, when given to a patient for the prophylaxis or 
treatment of a disease state which is exacerbated by, or caused by, excessive 

20 or unregulated cytokine production. 

As used herein, the cytokine referred to in the phrase "inhibition of a 
C3ix)kine, for use in the treatment of a HIV-infected hiunan" is a (^tokine 
which is implicated in (a) the initiation and/or maintenance of T cell 
activation and/or activated T cdl-mediated HIV gene expression and/or 

25 replication and/or (b) any cytokine-mediated disease associated problem 
such as cachexia or musde degeneratioa 

As TNF-fi (also known as IjmiphotQxin) has dose structural homology 
with TNF-a (also known as cacfaectin) and since each induces similar 
biologic responses axid binds to the same cellular receptor, both TNF«a and 

30 TNF-B are inhibited by the compounds of the present invention and thus are 
herein referred to collectively as 'TNF" unless specifically delineated 
otherwise. 

In order to use a compoimd of formula Q) or a pharmaceutically 
acceptable salt thereof in therapy, it wiU normally be formulated into a 
35 pharmaceutical composition in accordance with standard pharmaceutical 
practice. This invention, therefore, also relates to a pharmaceutical 
composition comprising an effective, non-toxic amount of a compound of 
foxmula (I) and a pharmaceutically acceptable carrier or diluent 
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Compounds of formula (D, phaimaceufically acceptable salts thereof 
and pharmaceutical compositions incorporating such may oonvenienfly be 
administered fay axxy of tiie routes conventionally used for drug 
administration, for instance, orally, topically, parenterally or by inhalation. 
6 The compounds of formula (D may be administered in conventional dosage 
forms prepared by combining a compound of formula d) with standard 
pharmaceutical carriers according to conventional procedures. The 
compounds of formula (D may also be administered in conventional dosages 
in combination with a known, second therapeutically active comiK)und. 

10 These procedures may involve mixing, granulating and comjiressing or 

dissolving the ingredients as appropriate to the desired preparation. It will 
be appreciated tiiat the form and charactw of tiie phaxmaoeuticcQly 
acceptable charactn or diluent is dictated by tiie amount of active 
ingredient with which it is to be combined, the route of administration and 

15 other well-known variables. The carrier(s) must be "acceptable" in the 

sense of being compatible witii the other ingredients of the formulation and 
not deleterious to the recipient thereof 

The pharmaceutical carrier employed may be, for example, either a 
solid or liquid. Es^mplary of solid carriers are lactose, terra alba, sucrose, 

20 talc, gelatin, agar, pectin, acacia, magnesium stearate. stearic add and tiie 
like. Exemplary of liquid carriers are syrup, peanut oil, olive oil, water and 
the like- Similarly, the carrier or diluent may include time delay material 
well known to the art. such as ^yceryl mono-stearate or glyceryl distearate 

alone or with a wax. 
25 A wide variety of pharmaceutical forms can be employed. Thus, if a 

solid carriOT is used, the preparation can be tableted. placed inahard 

gelatin capsule in powder or pellet form or in the form of a troche or lozenge. 

The amount of solid carrier will vary widely but preferably will be from 

about 25]ng. to about Ig. When a liquid carrier is used, the preparation will 
30 be in tbe form of a syrup, emulsion, soft gelatin capsule, sterile ixqectable 

liquid such as an ampule or nonaqueous liquid suspension. 

Compounds of formula (D may be administered topically, that is by 

non-systemic administration. This includes tiie application of a compound 

of formula (1) CTtemally to the epidermis or tiie buccal cavity and the 
35 instiUationof such a compound into the ear, eye and nose, such tiiat the 

compound does not significantiy enter the blood stream. In contrast. 

systemic administration refers to oral, intravenous, intraperitoneal and 

intramuscular administration. 



-26- 



wo 93/14081 PCr/US93/00674 

FormulationB suitable for topical administration include liquid or 
semi-liquid preparations suitable for penetration through the skin to the 
site of inflammation such as liniments, lotions, creams, ointments or pastes, 
and drops suitable for administration to the eye, ear or nose. The active 
6 ingredient may comprise, for topical administration, from 0.001% to 10% 
w/w, for instance from 1% to 2% by wei^t of the formulation. It may 
however comprise as much as 10% w/w but preferably will comprise less 
. than 5% w/w, more preferably from 0.1% to 1% w/w of the formulation. 

Lotions according to the present invention include those suitable for 
10 application to the skin or eye. An e]re lotion may comprise a sterile aqueous 
solution optionally containing a bactericide and may be jirepared by 
methods similar to those for the preparation of drops. Lotions or liniments 
for application to the skin may also include an agent to hasten drying and to 
cool the skin, such as an alcohol or acetone, and/or a moisturizer such as 
15 glycerol or an oil such as castor oil or arachis oil. 

Creams, ointments or pastes according to the present invention are 
semi-solid formulations of the active ingredient for external application. 
They may be made by mixing the active ingredient in finely-divided or 
powdered form, alone or in solution or suspension in an aqueous or non- 
20 aqueous fluid, with the aid of suitable machinery, with a greasy or non- 
greasy base. The base may comprise hydrocarbons such as hard, soft or 
liquid parafiBn, glycerol, beeswax, a metallic soap; a mucilage; an oil of 
natural origin such as almond, com, arachis, castor or olive oil; wool &t or 
its derivatives or a &tty add such as steric or oldc acid together with an 
25 alcohol such as propylene glycol or a macrogel. The formulation may 

incoiporate any suitable surface active agent such as an anionic, cationic or 
non-ionic suz&ctant such as a sorfaitan esteror a polyo^^ethylene derivative 
thereo£ Suspending agents such as natural gimis» cellulose derivatives or 
morganic materials such as silicaceous silicas, and other ingredients such as 
30 lanolin, may also be included. 

Drops according to the present invention may comprise sterile 
aqueous or oily solutions or suspensions and may be prepared by dissolving 
the active ingredient in a suitable aqueous solution of a bactericidal and/or 
fungicidal agent and/or any other siiitable preservative, and preferably 
35 including a surface active agent The resulting solution may then be 
clarified by filtration, transferred to a suitable contaixier which is then 
sealed and sterilized by autodaving or maint.aining at 98-lOO^C. for half an 
hour. Alternatively, the solution may be sterilized by filtration and 
transferred to the container by an aseptic tedmique. Examples of 
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bactericidal andfiuigiddal agents sidtable for inclusion in the drcips are 
phenylmercoxic nitrate or acetate (0.002%), benzalkonium chloride (0.01%) 
and chlorhesidine acetate (0.01%). Suitable solvents for the preparation of 
an oily solution include glycerol, diluted alcohol and propylene glycol. 
5 Compounds of formua (D may be administered parenterally, that is 

by intravenous, intramuscular, subcutaneous intranasal, intrarectal, 
intxavaginal or intraperitoneal administration. The subcutaneous and 
intramuscular forms of parenteral administration are generally preferred. 
Appropriate dosage forms for such administration may be prepared by 

10 conventional techniques. Compounds offormula(D may also be 
adnmustered hy inhalation,, that is byintranasal and oral inhalation 
administration. Appropriate dosage forms for such administration, such as 
an aerosol formulation or a metered dose inhaler, may be preparied by 
conventional techniques. 

15 For all methods of use disclosed herdn for tiie compounds of formula 

(D, the daily oral dosage regimen will preferably be firom about 0.1 to about 
80 mg/kg of total body weight, preferably from about 0.2 to 30 mg/kg, more 
preferably from about 0.5 mg to 15mg. The daily parenteral dosage regimen 
about 0.1 to about 80 mg/kg of total body wei^t, preferably from about 0.2 

20 to about 30 mgfkg, and more preferably fix>m about 0.5 mg to 15mg/kg. The 
daily topical dosage regimen will preferably be from 0.1 mg to 150 mg, 
administered one to four, preferably two or three times daily. The daily 
inhalation dosage regimen will preferably be firan about 0.01 mg/kg to about 
1 mg/kg per day . It wiU also be recognized Iqr one of ddll in the art tiiat the 

25 optimal quantity and spacing of individual dosages of a compound of 

formula (I) or a pharmaceutically acceptable salt thereof will be determined 
fay the nature and extent of the condition being treated, the form, route and 
site of administration, and the particular patient being treated, and that 
such optimums can be determined by conventional techniques. It will also 

30 be appreciated by one of skill in the art that the optimal course of 
treatment, ie., the number of doses of a compound of formula (D or a 
pharmaceutically acceptable salt thereof given per day for a defined number 
of days, can be ascertained by those skilled in the art using conventional 
course of treatment determination tests. 

35 The invention will now be described by reference to the following 

examples which are merely illustrative and are not to be construed as a 
limitation of the scope of the present inventicm. 
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Synthetic Examples 
Example 1 - 2-(4-Q|Wioplienyl)-4-(4-flaorophe]]yl)-5-(4-pyridy^ 
imidazole - To a solution of 2-(4-cyaiiophenyl)-4-(4-£luorophenyl)-N- 
l-hydroxy-5-(4-pyridyl)imidazole (4.5 13.2 mmol) [See Ex. 10 below] in 
5 DMF (50 mL) was added triethyl phosphite (3.4 mL, 20 mmol), and the 
resulting mixture was heated at 100 °C for 2 h. After cooling, the mixture 
was poured into H2O, and the solid which formed was collected by filtration, 
washed with H2O and dried in vacuo to afiford the title compound (4.0 g, 
89%). Reoystallization from CH2Cl2/MeOH gave white solid with a mp of 
10 268-269 ""C. 

Example 2 - l-Metliyl-2-(4-methoxyph0nyl)-4-plieiiyl-6»(4*pyri 
imidazole - (a) N-Mefhyl-N-(4-pioo^l)amiiie- To 4-picolyl chloride, 
hydrochloride (10 g, 0.06 mol) was added methylamine (50 mL of 40% 
aqueous solution, 0.58 mol), and the resulting purple solution was stirred at 

15 rt for 30 min, then poured into H2O. The mixture was extracted with 
CH2Cni2 (6sX and the combined organic extracts were evaporated. The 
residue was filtered tmder reduced pressure through a sOica gel column, 
eluting with a solvent gradient of 0-10% MeOH/CHCSs to provide the title 
compound as a light yellow ofl (4.8 g, 66%): NMR (CDCI3): 5 8.50 (dd, 

20 2H); 7,20 (dd, 2H); 3.70 (s, 2H); 2.40 (s, 3H); 1.70 (br, IH). 

(b) 4-Meihoxy-N-methyl-N«(4-pioolyl)benzamide - To a 
solution of N-methyl-N-(4-picolyl)aniine (0.40 g, 3.3 mmol) and 
triethylamine (1.5 mL, 10.8 nmiol) in CH2CI2 (15 noL) was added 4* 
methoxybenzo^ chloride (1.2 g, 7.3 mmol). The resulting mixture was 

25 stirred at rt for 15 min, and then partitioned between 2.5N NaOH and 
Et20. The oiganic extract was washed with saturated aqueous NaQ 
dried (MgS04). The solvent was removed in vacuOf and the residue was 
purified by flash chromatography, eluting with a solvent gradient of 2*4% 
MeOH/CHCls. The material that was isolated was triturated with £t20 to 

30 provide the titie compound as a light yellow soUd (0.18 g, 21%): NMR 
iCDCli): 5 8.60 (d, 2H); 7.43 (br d, 2H); 7.20 (br s, 2H); 6.90 (br d, 2H); 4.66 
0>r 6, 2H); 3.80 (s, 3H); 3.00 (s, 3H). 

(c) l-Methyl-2-(4-meihoxyplienyl)«4*phenyl-6*(4-pyridyl)- 
imidazole - To a solution of diisopropylamine (0.16 mL, 1.1 mmol) in THF 

35 at -78 °C was added n-butyllithium (0.38 mL of 2.5 M solution, 0.95 mmol). 
To the resulting mixture was added a solution of 4-methoiQr-N-metiiyl-N-(4- 
picolyDbenzamide (0.16 g, 0.62 mmol) in THF. The resulting dark red 
solution was warmed to -40 ®C and stirred for 15 min, at which time 
benzomtrile (0.13 mL, 1.2 mmol) was added. The mixture to warmed to rt 
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and Stirred for 10 1l Aqueous I^C3 (0.5 mL) was added, and tbeouzt^ 
was concentrated under reduced pressure. The residue was purified by 
flash chrdmatogrc^hy, duting wilh a solvent gradient of 2-4% 
MeOH/COSCTls. The material which was isolated was triturated with EtaO 

5 and recrystallized from EtOAc to provide the title compound as an oflF-white 
soUd (35 mg, 17%): mp 193-194 ^C. 

Example 8 - 2*(4-Qyanophenyl)-l-methyl-4-phenyl-5(4- 
pyridyl)imidazole - (a) 4-Cyano«N-methyl-N-(4-picolyl)benzamide - 

The title compound was prepared using the same procedure as described in 
10 Example 2, step (b) except using 4-cyanobenzoyl chloride: NMR (CDCI3): 
8 8.49 (dd, 2H); 7.86-7.04 (m, 6H); 4.70 and 4.43 (two br s, 2H); 3.08 and 2.89 

(twobrs,3H). 

(b) 4-Cyano-N-[N*'-a<libenzoyl-l,4-di^ 
mefliylensdl-N-methylbenzaniide - To a solution of diisopropylamine (2.8 

15 mL, 20 mmd) in THE at -78 *C was added n-bulyllithium (6.7 mL of 2.5 M 
solution, 17 mmol). To the resulting mixture was added a solution of 4- 
(7ano-N-methyl-N-(4-picolyl)benzamide (3.5 g, 14 mmol) in THE. The 
resulting dark purple solution was stirred at -78 for 10 min, at which 
time benzoyl chloride (4. 1 mL, 35 imnol) was added. The mixture was 

20 warmed to room temperature over 30 min, then poured into aqueous NH4CI. 
The mixture was extracted with Et20» and the organic extract was 
evaporated under reduced pressure. The residue was triturated with Et20 
to provide an orange solid which was washed sparingly with acetone and 
copiously with Et20. The title compound was obtained as a bright yellow 

25 soUd (1.6 g, 25%): ^HNMR (C3DC33): 5 7.81-7.09 (m, 16H); 6.49 (m, 2H); 3.32 
(s,3H). 

(c) 2-(4-(^ranophenyI)-l«metihyl-4-phenyI-&-(4- 
pyridyDimidazole • To a solution of 4-(7ano-N-[N' -a-dibenzoyM,4- 
dil^ydropyridylmethylenyll-N-methylbenzamide (1.5 g, 3.3 mmol) in acetic 

30 add (50 mL) was added ammoniimi acetate (1.5 g, 19.5 mmol). The resisting 
mixture was heated at reflux &r 18 h» then allowed to cool and was 
concentrated. The residue was suspended in (3H2CI2 and filtered. The 
filtrate was evaporated and the residue was triturated with MeOH to afford 
the titie compound as a white crystalline solid (0.72 g, 64%): mp 176-177 **C. 

35 Example 4 - 2-(4-Aminomethylphenyl)-l-methyl-4-phenyl-5-(4- 

P3^dyl)-imidazole - To a solution of 2-(4-cyanophen3d)-l-methyi-4-phenyl- 
5-(4-pyridyl)imidazole (0.20 g, 0.6 mmol) [See Ex 3 above] in THE (10 mL) 
was added t.^aitt^ (0.60 mL of 1.0 M solution in THE, 0.6 mmol), and tiie 
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resulting mixture was stirred at rt for 1 h. The mixture was then poured 
into 2.5 N NaOH and extracted with Et20* The organic extract was 
evaporated, and the residue was purified by flash chromatography, eluting 
first with a solvent gradient of 0-10% MeOH/CHCla, followed by 1:10:90 
5 NSUOH/MeOH/CHCls. Trituration with ether afforded the title conQ>ound 
as a white sohd (66 mg, 32%): CIMS (NH3, m /z): 341 (M++H). 
Example 6 - 4-[l-Methyl-4-phenyl-5(4«pyridyl)-imidazol-2-yl] benzoic 
acid, sodium salt • A mixture of 2-(4-cyanophenyl)-l-methyl-4-idienyI-5(4- 
pyridyl)imidazole (0.10 g, 0.3 mmol) [See Ex. 3 above] in 6 N HQ (3 mL) 

10 was heated at reflux for 24 h, then allowed to cool. The pH was a4juBted to 
7t and &e solid which formed was collected by filtration and washed 
suooessivdy with H2O, acetone and Et20 to provide the title compound as a 
white solid (25 mg, 23%): CIMS (NH3, m/z): 356 (M++H). 
Example 6 - 2-(4*Acetamidometl]yplieiiyl)*l-metiiyl-4-plienyl«&-(4- 

15 pyridylMmidazole - To a solution of 2-(4-aminomethylphenyl)-l-methyl-4- 
phenyl-5-(4-pyridyl)imidazole (30 mg, 0.09 mmol) [See Ex. 4 above] in 
pyridine (3 mL) was added acetic anhydride (0.30 mL, 3.18 mmol). The 
resulting solution was stirred at rt for 30 min, then concentrated under 
reduced pressure. The residue was purified by flash chromatography, eluting 

20 with a solvent gradient of 0-2% MeOH/CHCls. The isolated material was 
triturated with Et20 to provide an off-white solid (10 mg, 28%) which was 
reciystaUized from EtOAc to provide the title compound: mp 210-211 ^C. 
Example 7 - Methyl-4-[l-methyl*4-phenyI-5-(4-pyridyl)-imidazol-2-yl] 
benzoate - To a suspension of 4-[l-methyl-4-phenyl-5(4-pyridyl)-imidazol-2- 

25 yl] benzoic add, sodium salt (20 mg, 0.06 mmol) [See Ex. 5 above] in CH2CI2 
(2 mL) was added triethylamine (24 mL, 0.17 mmol), followed hy thionyl 
diloride (10 mL, 0.14 mmol). The reaction mixture was stirred at rt for 30 
min, at which time MeOH (0.5 mL) was added. The mixture was stirred at 
rt for an additional 2 h and concentrated under reduced pressure. The 

30 residue was purified by flash chromatography, eluting with a solvent gra- 
dient of 0-1% MeOH/CHCls and reciystaUized from EtOAc to afford the titie 
compound as an off-white crystalline solid (1.6 mg, 8%): mp 208-209 ""C. 
Example 8a - 4-(4-Flaorophenyl)-N-l-hydroxy-2-(4-faydroxyphenyl)-5- 
(4-pyridyl)imidazole - The titie compound was prepared using the same 

35 pzx>cedure as described in Example 10, step (d) except using 4-hydroxy- 
benzaldehyde. 

Example 8b - 4-(4-Fluon>phenyI)-2-(4-hydroxypheiiyl)^(4-i^dyl)- 
IH-imidazole • The titie compound was prepared using the same procedure 
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as described in Example 1, except using 4-(4-fliKirophen7l)-N-l-hydxtia7-2* 
(4-hydnn7phen3d)-5<4-p7rid7l)inddazole (^^ nq) 214-215 ""C. 

Example 9 - 4-[4-(4-Fliiorop]ienyl)-5-(4-pyridyl)-lH-imidazol-2- 
yUbenzoic axdd • A solution containing 2-(4-c7anoplienyl)-4-(4-fluoro- 
5 phenyl>5-(4-pyridylMH-inridazole (9.6 g, 28 mmol) [See Ex. 1 above] in 
concentrated HCl (100 mL) was heated at reflux for 18 h. After cooling, the 
pH was adjusted to neutral by the addition of 50% aqueous NaOH. The 
solid which formed was collected by filtration and washed successively with 
H2O, acetone and Et20. A portion of the solid (5 g) was dissolved in MeOH 
10 and filtered under reduced pressure tfarou^ a pad of silica gel, eluting with 
a solvent gradient of 4-10 % MeOH/CHCls, fi)]lowed by 2:20:80 BiOMeOSf 
CHCI3. The title confound was isolated as a yellow solid, which was re- 
crystallized from MeOH/CH2Cl2 (1.2 g, 30% ac^usted yield): mp 289-290 ^C. 
Example 10 - 2*(4-C^anophenyI)-4-(4-flaorophenyl)-l-N-hydro2^ 
15 pyridyDimidazoIe - (a) 4-Fluoro-N-methoxy-N-methylbenzamide 
- To a mixture containing methoxymethylamine hydrochloride (44 g, 0.45 
mol) and triethylamine (138 mL, 0.99 mol) in CH2CI2 (500 mL) at 0 was 
added over 30 min, 4-fluorobenzoyl chloride (50 mL, 0.41 mol). The result- 
ing mixture was allowed to warm to rt and stirring was continued for 30 
20 min, at which time the mixture was poured into H2O and extracted with 
Et20. The organic extract was washed with saturated aqueous NaCl and 
dried (MgS04). Bemoval of the advent mvoctco afforded the tide com- 
pound (80 g, 100%), winch was used without further purification: IH NMR 
(CDas): 8 7.72 (dd, 2H); 7.06 (apparent t, 2H); 3.52 (s, 3H); 3.43 (s, 3H). 
25 (b) 4-FIaoro-2-(4-pyrid3^)aoetoplienone - A solution of 

Htfaium diisopropylamide was prepared at -78 ^ in the usual manner 
diisopropyiamine (21 ml, 0.15 mol) and n-butyOithium (54 mL of 2.5 M 
8(dution in hexanes, 0.135 mol)^ and to this was added at -78 ^C, 4-picoline 
(10 g, 0.108 mol). After stirring an additional 15 min at -78 ^'C, 4-fluoro-N- 
30 methoxy-N-methylbenzamide (20 g, 0.109 mol) was added, and the mixture 
was allowed to slowly warm to rt. The reaction mixture was poured into 
saturated aqueotis NaCl and extracted with 4:1 T££F/CH2Cl2i the 
organic extract was dried (1^^804). The solvent was removed in vacuo, and 
to the oily brown residue was added Et^O. The title compound was obtained 
35 as a brown soUd (16.8 g, 72%) which was recryBtaIlizedfiromEt20/Hex: IH 
NMR (CDCI3): d 8.55 (d, 2H>, 8.03 (dd, 2H); 7.16 (m, 4H>, 4.24 (s, 2H). 

(c) 4-Fliioro-2-hydrozyimino-2-(4>iqnddyl)aoetopli^^ - 
The title compound was prepared using the same procedure (US 3,940,486) 
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employed to prepare 2-hydroxyimino-2-(4-pyridyl)acetophenoiie, except 
using 4-fluoro-2-(4-pyridyl)acetophenone. 

(d) 2-(4-CyanopheiiylM-(4-fluoropheiiyl)-N-l-hydroxy-6- 
(4°pyridyI)issidazole - The title compound was prepared using the same 
5 procedure (US 3,940,486) employed to prepare 2-(t-bu<5d>4.(phenyl)-N-l- 
hydroxy-5-(4*pyridyl)imidazole, except using 4-fluoro-2-hydroxyimino-2-(4- 
pyridyDacetophenone and 4-qyanobenzaldehyde: NMR (CDCI3): 5 8.27 
(d, 2H); 7.94 (d, 2H); 7.72 (d. 2H); 7.35 (d, 2H); 7.30 (dd, 2H); 6.96 (t, 2H). 
Example 11 - 2-(4-Ami]iomethylplienyl)-4-(4-flaoropheiiyl)-6-(^ 

10 pyri4yl)-lH-iiiddazole - To a solution of 2-(4<7anophenyl)^ 

fluon^enyl)-5-(4-pyiidyl)-lH-imidazQle (2.5 g, 7.3 mmol) [See Ex. 1 above] 
in THF (50 mL) was added IiAlH4 (7.3 mL of 1 M solution in THF» 7.3 
mmol), and the resulting mixture was heated at reflux for 2 h, at which time 
tic analysis indicated that the reaction was incomplete. Additional LiAlH4 

15 (4.0 mL, 4.0 mmol) was added and heating was continued for 30 rnm The 
mixture was allowed to cool, then poured into 2.5 N NaOH and extracted 
with THF. The oiganic extract was washed with saturated aqueous Nad 
and concentrated under reduced pressure. The residue was purified by 
flash chromatography, eluting with 9:1 CHCla/MeOH, followed by 90:10:1 

20 CHas/MeOH/NHs. The material that was isolated was triturated with 
Et20 to afford the title compound (1.5 g, 60%): mp 214-215 "C. 
Example 12a - 2-(4-Cyaiiophenyl)-4-(4«flaorophenyl)-N-l-hydroxy«&* 
(4-«iaiiiolyl)imidazole - (a) 4-Fluoro-2-(4-qiiinolyl)aoetopheiione - The 
title compound was prepared usmg the same procedure as described in 

25 Exan^le 10, step (b) except using 4-methylquinoline: NMR (CDCI3): 5 
8.87 (d, IH); 8.13 (m, 3H); 7.86 (d, IH); 7.73 (apparent br t, IH); 7.56 
(apparent br t, IH); 7.28 (d, IH); 7.20 (t, 2H); 4.71 (s, 2H). 

(b) 4-FlnoxtH2-liydroxyimmo-2«(4-qmnolyl)aoetophenoiie - The 
title compound was prepared using the same procedure as described in 

30 Example 10, step (c) except using 4^fluoro-2-(4-quinolyl)acetophenone: ^H 
NMR (DMSO-da): 8 9.00 (d, IH); 8.15 (m, 3H); 7.78 (m, IH); 7.61 (in, 2H); 
7.50 (d,lH); 7.42 (t,2H). 

(c) 2-(4-Cyanophenyl)-4-(4-fluorophenyl)-N-l*hydroxy*5*(4* 
quinolyDimidazole - The title compound was prepared using the same 

35 procedure as described in Example 10, step (d) except using 4-fluoro-2- 
hydro]^)dn]ino-2-(4-qp2inolyl)acetophenoneand4-(^^ IH 
NMR (CDCI3): 5 8.30 (d, 2H); 7.80 (d, IH); 7.70 (two overlapping d, 3H); 7.46 
(m, 2H); 7.36 (m, 1H>, 7.11 (m, 2H); 7.01 (m, IH); 6.75 (t, 2H). 
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psroTwpi^ 12b - 2-(4-Cyaiiopheiiyl)-4-(4-fiii0rophaiyl)-5-(4-^^ 
IH-imidazole • The title compound was prepared using ihe same procedure 
as described in Example 1, except using 2-(4-<granophenyl>4-(4-fluoro- 
phenyl>N-l-hydroxy-5-(4-quinolyl)imidazole [see Ex. 12a]: mp 294-295 ^C. 
5 Example 13 - 2-(3t5-Dibromo-4-hydrozypheisyI)-4-(4-fluorophen^ 
(4-pyridyl)-lH-imidazole - (a) l-(4-fluoroplienyl)-2-(4-pyridyl)- 
etbanediol To a stirring solution of 2.0 g (11^ mmol) 4-(t-butyldimethyl- 
8ilyloxy)methyl pyridine in 8 ml of THF at -20^ C was added 14.7 mmol of 
litiiiumdi-iso-propyl amide in THF. Thirty minutes later 4-fluoro- 

10 benzalddiyde (L66 g, 13.4 mmol) was added at which point Hie solution was 
allo^^ to warm sbwly tort. The reaction was quenched with NH4CI and 
extracted with ether to afford the crude protected diol which following 
concentration was dissolvedin THF and treated with 17 ml of a 1 molar 
sdutionoftetrabulg^Uanmonium fluoride in THF overnight Standard 

15 aqueous workup afforded the crude diol which was further purified by column 
chromatography (hex/EtOAc) to yield 1.6 g (62%) of the tided material 

(b) l-(4-fluorophenyl)-2-(4-pyridyl)ethanedione Oxidation 
of H4-fluorophenyl>2-(4-pyridyl)ethanediol according to the oxalyl chloride 
method of Swem [J. Org. Chem., 44, p 4148, 1979)] gave the tifled dione 

20 following extractive workup and regnrstallization firom hexanes nLp. 85- 
86.50c. 

(c) 2-(3,5-Dibromo-4-hydrox^henyl)-4-(4-£luoropheiiyI)- 
5-(4-pyridyD-lH-imidazole To a solution of H4-fluorophenyl)-2-(4- 
pyridyl)ethanedione (0.25 g, 1.1 mmol) and 3,5-dibromo-4-hydro]gr- 

25 benzaldehyde (0.37 g, L3 mmoU in glacial acetic add (5 mL) was added 

ammonium acetate (0.50 g, 6.5 mmol), and the resulting mixture was heated 
at reflux for 18 h. Afi:er cooling, the mixture was poured into H2O, and the 

pH was adjusted to neulxal by the addition of 2.5 N NaOH. The solid which 
formed was collected by filtration, washed with H2O, dried in vacuo and 
30 purified by flash chromatography, eluting with a solvent gradient of 2-4% 
MeOH/(}HCl3. The titie compound was obtained as a tan solid (15 mg, 3%): 
ESMS On/z): 488 (M++H). 

Example 14 - Ethyl 4-[4-(4-Fluorophenyl)-5-(4-pyridyl)]-lH-imidazol- 
2-yI]*benzoate - A solution of 4-[4-(4-fluorophenyl)-5-(4-pyridyl)-lH- 
35 imidazoI-2-yl]-benzoic add (30 mg, 0.08 mmol) See Ex. 9 above] in 20% 
ethanoUcHCTl (5 mL) was heated at reflux for 24 h, cooled to rt and 
neutralized with 50% NaOH. The residue was collected and purified by 
flash chromatography eluting with a solvent gradient of 4-10% 
MeOH/CHCls. Trituration witii Et^ affi>rded tiie title compound as a 
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white solid (3^ g 66%). NMR (CDClsMeOH-dU): 5 8.45 (d, 2H); 8.12 (m, 
4H)^ 7.52 (m, 4H); 7.15 (t, 2H); 4.42 (q, 2H); 1.43 (t, 3H). 
Example 15 - 243,5-]>imeaqrl-4-hydit>zy(pheiiyl)]-4-(4^ 
5-(4«pyridyl)-in-imidazole - The title compound was prepared using the 
5 same procedure as described in Example 13> except using 395-dimethyl-4- 
hydroxybenzaldehyde: ESMS (m/z): 360 (M++H). 
Example 16 - 4-(4-Fluorophenyl-2-(2*hydroxyphenyl)-5-(4rpyridyl)- 
IH-imidazole - The title compound was prepared using the same procedure 
as described in Example IS, except using salicylaldehyde: ESMS (m/z): 332 
10 (M++H). 

Example 17 - 4-(4-Fluorophenyl)-2-(4-metfaylthiopheiiyl)-6-(4- 
pyiidyD-lH-imidazole - The title compound was prepared using the same 
procedure as described in Example 13, except using 4-(methylthio)- 
benzaldehyde: ESMS (m/z): 362 

15 Example 18 • Methyl 444-(4-fluorophenyl)-5-(4-pyridyl)-lH-imidazol- 
2-3^-beiizoate- A mixture containing 4-[4*(4-fluorophenyl)-5-(4-pyridyl)- 
lH-imidazol-2-yl]benzoic add, sodium salt (0.20 g, 0.5 mmol) [See Ex. 9 
above] and concentrated HCl (10 drops) in MeOH (5 mL) was heated at 
reflux for 8 h. After cooling, the pH was adjusted to neutral by the addition 

20 of 2.5 N NaOH, and the solid which formed was collected by filtration, 

washed with H2O and dried in vacuo. The title compound was obtained as a 
yellow solid (0.14 g, 76%) and was reczystallized from EtOAc^CH2Cl2: 
NMR (CDCla/MeOH-d4): 5 8.36 (d, 2H); 8.03 (m, 4H); 7.60-7.30 (m, 4H); 
7.07 (t,2H);3.84(s,3H). 

25 Example 19 - 4-(4-Fliioit>phenyI)*2-(4-methy]sulfoiiylplienyI)-5-(4- 
pyridyl)-lH-imidazoIe - To a solution of 4-(4-fluorophenyl)*2-(4* 
metfa3dsulfinyiphenyl)-5-(4-pyridyl)-lH-iniidazdle (3.7 g, 9.8 nmciol) [See Ex. 
20 below] in 1:10 3 N HCI/H2O (88 mL) was added a solution of EMh04 (1.5 
g, 9^8 mmol) in H2O (15 mL). After stirring at rt for Ih, additional EMn04 

30 (0.15 g, 0.9 mmol) was added, and stirring was continued for 15 min. The 
mixture was then poured into saturated aqueous Na2S03 (200 mL), and the 
pH was ad^ted to slightly acidic by the addition of 3 N HCl, then to 
neutral by the addition of 2.5 N NaOH. The solid which formed was 
collected by filtration, washed successively with H2O and MeOH and 

35 recrystallized three times firom MeOH to afford the title compound (0.63 g, 
16%): mp 148-149 °C. 

Example 20 - 4-(4-Flaoropfaenyl)-2-(4-methy]sal£uiylphenyl)-6-(4- 
pyridyl)-lH-imidazole - To a solution of 4*(4-fluorophenyl)-2-(4- 



.35- 



WO93/14081 PCr/US93/00^4 
inelMthioplwn3^5-(4-pyridyl>lH-inri (0.80 g, 2J2 mmol) [See Ex. 17 
above] in gladal acetic add (15 mL) was added a solution of K2S2O8 (0.72 g, 
2.6 mmol) in H2O (20 mL). Additional glacial acetic add (15 mL) was added 
to ensnze homogeneitgr, and the resulting solution was stirred at rt for 18 h. 
5 The mixture was tiien poured into H2O, and Hie pH was adjusted to neutral 
by the addition of cone. NH4OH. The solid \diich formed was collected by 
filtration to afford the title compound (0.65 g, 78%) as a tan solid, which was 
recrysta]lized fin)mMeOH: mp 250-252 °C. 

Example 21 - N,N-Dimethyl-4-[4-(4-£luorophenyl-5-(4-wrrid3d)-lH- 
10 iTniiiny. ol-g-yl]lw» mrmniJ«» . To dimethylamino(methyl)aluminum diloride 
(0.60 mL of 0.67 M solution in toluene. 0.40 mmoD was added a solution of 
meth^4-[4-(4-fluorophenyl)-5-(4-pyridyl)-lH-imidazol-2-yl]-benzoate (50 

mg, 0.13 mmol) ESee Ex. 18 above] in 1,2-dichloioelliane (5 mL), The 
resulting mixture was heated at reflux finr 4 h, then allowed to cod and was 
15 pouredinto2.5NNaOH. The mixture was extracted with EtOAc, and the 
organic extract was washed with saturated aqueous NaCl and dried 
(MgR Q^). The sdvMit was removed in vacuo, and the residue was purified 

by flash chromatography, luting with a solvent gradi^xt of 2-4% 
MeOH/CTHC^s to afford the title compound (25 mg, 50%) as a white solid: 

20 CIMS(NH3,m/z):387(M++H). 

Example 22 - 2-[(4-N^-DimethyDaminomethylplienyl]'4^4- 
fluoTophenyl)-5-(4-pyridyD-lH-imidazole - The title compound was 
prepared i Ttrfng the same procedure as described in Example 11, exdept 
N,N-^imethyl-4-[4-(4-fluorophenyl-5-(4-pyridyl)-lH-i^ 

25 yljbenzamide: CIMS (NHs^/z): 373 (M+4-H). 

Example 23 - 2-[4-aMmetfayIaiiidiio)pheiqrl]-4-(4-flTO 
pyridyl)-lH-imidazole - The title compound was prepared using fhe same 
procedure as described in Exanq^le 13, except using 4-(N«N- 
dimethylamino)benzaldefayde: ESMS (m /z): 359 

30 Example 24.- 4-(4-Flaorophenyl)-2-phenyl-&(4-pyridyl)-IH-imi^^ 
The title compound was prepared using the same procedure as described in 
Example 13, except using benzaldehyde: ESMS (rn/z): 316 (M++H). 
Example 25 - 2-[4-(3-Dimethylaminoproposy)phenyl]-4-(4- 
fliiorophenyl)*5-(4-pyridyl)*lH-imidazole - The title compound was 

35 prepared using the same procedure as described in Example 13, except using 
4-(3-dimethylamino-propoxy)benzaldehyde: ESMS (m/z>. 417 (M++H). 
Example 26 - 4*(4*Fliiorophenyl)*2-(4*]iifxop]ienyl)-5-(4-pyridyl)-lH- 
imidazole - The titie conqM>und was prepared using the same procedure as 
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described in Example 13, exo^t using 4-nitrobenzaldehyde: ESMS (m/z): 

Example 27 - NJ^-Dimethyl-4-[2-(4-fluorophenyI)*5-(4-pyridyl)-lH- 
imidazol-2-yI]besazoyl-osyacetamide * (a) Methyl ben^l^ycolate - 
5 To a solution containing methyl glycolate (2.5 mL, 32 nunol) and 

trifluoromethyl-sulfonic add (150 mL) in CH2CI2 (10 mL) was added benzyl 
2,2,2-trichloro-acetixnidate (7.0 mL, 37 mmolX After stirring for several 
min, the mixture was poured into aqueous NaHCOs and extracted with 
Et20. The oi^anic extract was washed with saturated aqueous NaCl, dried 

10 (MgS04) and concentrated under reduced pressure. The residue was 

purified by flash cbromatography, eluting with a solvent gradient of 9-17% 
EtOAG/Hex to afford the title compound: NMR (CDCI3): S 7.34 (m, 5H); 
4.62 (s, 2H); 4.11 (s, 2H); 3.78 (s, 3H). 

(b) Ben^l-N Jf-dimefhyl|^ycolamide - To dimethyl- 

15 amino(methyl)aluminum chloride [prepared £rom dimethylamine 

hydrochloride (3.4 g, 42 mmoL) and trimethyl aluminum (21 mL of 2 M 
solution, 42 mmol)] in toluene (40 mL) was added methyl benzylglycolate 
(3.0 g, 17 mmol). After stirring at rt for 1.5 h, the mixture was poured into 3 
N HCl and extracted with Et20. The organic extract was washed with 

20 saturated aqueous NaCl, dried (MgS04) and concentrated under reduced 
pressure. The residue was purified by flash chromatography, eluting with a 
solvent gradient of 9-50% EtOAc/Hex. The title compound was obtained as 
a colorless oil (1.2 g, 37%): IH NMR (CDCI3): 5 7.4-7.1 (m, 5H); 4.61 (s, 2H); 
4.18 (s, 2H); 2.98 (s, 3H); 2.95 (s, 3H). 

25 (c) NyN-Dimethylglycolaioide - To a solution of benzyl-N,N- 

dimethylglycolamide (0.28 g, 1.5 mmol) in MeOH (5 mL) was added 10% 
palladium on activated carbon (0.15 g), and the resulting mixture was 
stirred under an atmosphere of H2. Afi;er 1 h, the mixture was filtered 
timmgh a pad of Celite, and the filtrate was concentrated under reduced 

30 pressure to afford the title compotmd which was used without further 
purification: NMR (CDaa): 5 4.13 (s, 2H); 3.01 (s, 3H); 2.89 (s, 3H). 

(d) NJ^-Dimethyl*4-[4-(4-fluoroplienyl)*6-(4*pyridyI)-lH- 
imidazol-2-yl]-benzoyl-oxyacetamide - To a solution of 4-[4-(4- 
fluorophenyl)-5-(4-pyridyl)-lH-imidazol-2-yl]benzoic add (0.15 g, 0.42 mmol) 

35 [See Ex. 9 above] in DMF(10 ml) was added carbonyldiimidazole (0.34 g, 2.1 
mmol). Afi;er stirring for 18 h at rt, N,N-dimethylglycolamide (0.43 g, 4.2 
mnid) was added and stirring was continued for an additional 3h at rt The 
reaction mixture was poured into H2O, extracted with EtOAc and 

evaporated. The residue was purified by flash chromatography eluting with 
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a solveDt gradient of 2% MeOH/CHOs to afford the title conqKnind: CIMS 
(NHa^/z): 446 (M:++H). 

ia«impl«» 28 • ?-(4-A"''"*r'*«*"y^^-^^4-fliinropliflnvl)-5-(4-pyridyl)-lH' 
imidazole - A miztnie containing 4-(4-fluorophei^yl)-2-(4-nitrophenyl)-5-(4- 
5 pyridyD-lH-imidazole (2.0 g, 5.6 mmol) CSee Ex. 26 above] and 10% 

palladium on activated caibon (0.4 g) was stirred under an atmoi^here of 
H2 for 4 h, then was filtered tiirough a pad of Celite. The filtrate was 
concentrated under reduced pressure, and tiie residue was purified by flash 
chromatography, duting witii a solvent gradient of 1-10% MeOH/CHCla- 
10 The title compound was obtained as a light orange solid (0.50 g, 27%): 
NMR (DMSO-de): 5 8.40 (d, 2H); 7.73 (d, 2H); 7.57 (m. 2H); 7.86 On, 4H); 
6.62 (t,2H). 

Example 29 - 4-(4-Flnorophenyl)-2'(4-methane8n1fonainldoph«iyl)-S- 
(4-pyridyl)-lH-imidazole • To a 8UQ)ension of 2-(4-aminophenyl)-4-(4- 

16 fluarophenyl)-6<4-pyridyl)-lH-imidazole (80 mg, 0.24 mmol) [See Ebc 28 
above] and triethylamine (0.12 mL, 0.86 mmol)in CH2CI2 (5 mL) was added 
methanesulfbnyl chloride (55 mL, 0.72 mmol). After stirring at rt for Ih, 
the mixture was poured into aqueous NaHCOs and extracted with EtOAc 
The organic extract was washed witii saturated aqueotis NaC^, dried 

20 O^S04) and concentrated under reduced pressure. The residue was 

purified by flash chromatography, duting with a solvent gradient of 2-10% 
MeOH/CHCIls to afford the titie compound as a tan solid (35 mg, 36%): 
ESMS (m/z): 409 CM++H). 

Example 30 - 4-[4-(4-Fluorophenyl)-5-(4-pyridy]>lH-imldazal-2- 
25 yXIphenyl-salfonamide - (a) E^byl 4-siil£biia3nidobeiizoate - A solution 
of 4-caxbosybenzeneBulfimamide (5.0 g, 0.025 mol) in 20% etfaamdic HCn (20 
mL) was heated at reflux fin: 18 h, then allowed to cool and was 
omoentrated under reduced pressure to afford the title compound: ^^HNMB 
(CDCns): 5 8.20 (apparent d, 2H); 8.00 (apparent d, 2H); 4.88 (br s, 2H); 4.43 

30 (q,2H);1.43(t,3H). 

(b) N-Methoxy*N-meihyl-4-8ulf onamidobenzamide • To a 

solution of metho^naiethylamino(methyl)aluminum chloride prepared ficom 
methoxymethylamine Iqrdrochloride (4.8 g, 50 mmoL) and frimethyl 
aluminum (25 mL of 2 M solution, 50 mmol)] in toluene (50 mL) at 0 *C was 
35 added ethyl 4-sulfonamidobenzoate (3.8 g, 17 mmol). The mixture was 

allowed to warm to rt and stir for 3 h, then was poured into a slurry of silica 
gel (50 g) in CHCls (200 mL). The mixture was filtered, and the filtrate was 

concentrated under xeduced pressure. Tbe residue was poiued into H^, 
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and the solid which formed was collected by filtration, washed with H2O 
and dried m vacuo to afford the title compound (1.7 g, 42%): ^HNMR 
(CDCl3/MeOH*d4): 5 7.86 (d, W; 7.66 (d, 2H); 3.43 (s, 3H); 3.29 (s, 3H). 

(c) 4>FormylbenzenesnlfoTi«mide - To a solution of N- 
5 methozy-N-methyl-4-suIfonamidobenzamide (1.0 g, 4.1 mmol) in THF (25 
mL) at -78 ""C was added LiAIH4 (6.1 mL of 1 M solution in THF, 6.1 mmol). 
After stirring at -78 for 30 min, the mixture was poured into a slurry of 
silica gel (50 g) in CHCI3 (200 mL). The mixture was filtered and the 
filtrate was concentrated imder reduced pressure. The residue was purified 

10 by flash chromatography, eluting with a solvent gradient of 2-10% 

MeOH/CHCls. The title compound was obtained as a white solid (0.12 g, 
16%): IH NMB (CDCl3/MeOH-d4): 8 10.3 (s, IH); 8.02 (d, 2H); 7.95 (d, 2H). 

(d) 4-[4-(4-Fluorophenyl)*5-(4-pyridyl)-lH-imidazol-2- 
yUsnlfonamide The title compound was prepared using the same 

15 procedure as described in Example 13, except using 4-form3dbenzene- 
sulfonamide: ESMS (m/z): 395 (M++H). 

Example 31 - N'-Cyano-N-4-[4-(flaorophenyl)-5-(4-pyridyl)-lH- 
imidazol»2«yl]benzylgnanidine - To a suspension of 2-(4* 
aminomethylphenyl)-4-(4-fluorophenyl)-5-(4-pyridyi)-lH-ixnidazole (0.10 g, 

20 0.29 mmol) [See Ex. 11 above] in CHsCIN was added diphenyl 

qranocatbonimidate (83 mg, 0.35 mmol). After stirring at rt for 18 h, the 
solid which formed was collected by filtration and washed with CHsCJN. 
The solid was dissolved in MeOH saturated with NH3 and stirred for 72 h. 
The mixture was concentrated under reduced pressure, and the residue was 

25 purified by flash chromatography, elutiiig with a solvent gradient of 4-10% 
MeOH/CHCls. The title compound was isolated as a pale yellow solid (22 
mg,18%): mp 280-281^0. 

Example 32 - 2-[4-(Methane8ii]fonamido)mefliylphenyQ-4-(4- 
flaoropheiiyl)-6*(4-pyridyl)-lH-imidazole - The title compound was 

30 prepared using the same procedure as described in Example 29, except 
using 2-(4-aminomethylphenyl)-4-(4-fluorophenyl)-5-(4-pyridyl)-lH- 
imidazole [See Ex. 11 above]: ESMS (m/z): 423 (M++H). 
Example 33 - 4-(4-Fliiorophenyl)-2-(4-meihoxyphenyl)-5-(4-pyridyl)- 
IH-imidazole - (a) l-C!yano-l-(4-pyridyl)methyl 4-methoxybeiizoate - 

35 The tiltle compotmd was prepared uising the same procedure Lantos, L et al. 
(J. Med Chem. 1984, 27, 72-75) employed to prepare l-cgrano-l(4-pyridyl)- 
methyl benzoate, except using 4-methoxybenzoyl chloride: NMR 
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(CDCI3): 6 8.81 (d. 2H); 8.10 (d, 2H); 7.57 (d. 2H); 7.01 (d. 2H); 6.74 (s, IH); 
3.93 (s, 3H). 

(b) l.(4-Fluoropheiiyl)-2.(4-pyridyl)-2-<aoethyl 4- 
]iief]iozybeiizoateand2-(4.fluoroplienyl)-l-(4-pyridyl)-2H>SM 4- 

5 meflioxybeiizoate - The title compunds were prepared usmg^ the same 
procednre Lantos et aL (J. Med. Chem. 1984, 27, 72-75) used to prepare 1- 
(4-Fhi(m)phenyl)-2-(4-pyridy!)-2-oxoethyl benzoate and 2-(4-fluoropheii3i)- 

1- (4-pyiidyl>2-oxoethyl benzoate, except using l-Cyano-l-(4-pyrid3d)methyl 
4-methoxybenzoate: NMR (faster eluting isomer, CDCI3): 5 8-78 (d, 2H)j 

10 8.03 (brd,2H); 7.73 (d,2H); 7.53 (dd,2H); 7.10 (apparent t.2H); 6.93 
(overlapping s and d, 3H); 3.85 (s, 3H); m NMR (slower eluting isomer, 
CDCI3): 5 8.66 (d, 2H); 8.04 (m, 4H); 7.46 (d, 2H); 7.16 (apparent t, 2H); 6.95 
(overlapping s and d, 3H); 3.87 (s, 3H). 

(c) 4.(4-Fluorophenyl)-2-(4-methoxypheiiyD-5-(4-pyridyD-lH- 
15 imidazole • To a solution containing a mizture of l-(4-fluorophenyl)-2-(4- 

pyridyl)-2-oxoethyl 4-metaioiqybenzoate and 2-(4-fluorophenyD-l-(4-pyridyl)- 

2- os>e1^ 4-methozy-benzoate (0.35 g, 0.96 mmol) in glacial acetic add (7.5 
mL) was added ammonium acetate (0.35 g, 4.5 mmd). The resulting 
mixtm» was heated at reflux £br 18 h,lJien allowed to codL The mixture 

20 was oonceotzated under reduced pressure, and tiie residue was purified by 
flash chromatography, duting with a solvent gra£ent of 33-60% 
EtOAc^ex. The material which was isolated was reoTstaDized firom 
MeOH/CH2Ca2 to provide the titie compound (65 mg, 20%) as an off-white 

solid: mp 264-265 '^C. 

25 Example 34 - 2-(4-Amino-8-iodophenyl)-4.(4-fiuorophenyl)-5-(4- 
pyridyl)-lH-imidazole - To a solution of 2-(4-aminophenyl>4-(4- 
fluorophenyl>5-(4-pyridyl>lH-imidazole (50 mg, 0.15 mmol) [See Ex. 28 
above] in gladal acetic acid (5 mL) was added a solution of ICl (24 mg, 0.15 
mmol) in glacial acetic add (L5mL). The resulting mixture was stirred at 

30 rt for lh,ti»en poured into saturated aqueous Na2S205. The pH was 
adjusted to neutral by the addition of 2.5 N NaOH and extracted with 
EtOAc. The organic extract was concentrated under reduced pressure, and 
the residue was purified by flash diromatography, eluting with a solvent 
gradient of 2-10% MeOH/CHCIs. The material that was isolated was 

35 recrystallized fiijm Et20/Hex to afford the titie compound: iH NMR 

iCDClz): 5 8.42 (d, 2H); 8.18 (d, IH); 7.68 (dd, 2H); 7.42 (m, 4H); 7.09 (t, 2H); 
6.77 (d,lH). 
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Example 86 - N-Beii2yl-N-]iietli3d*4-[4-(4-fiaorophei]Qrl-5-(^ 
lH-imidazol-2-yQbenzaimde - The title compound was prepared using the 
same procedtire as described in Example 21, except using benzylmethyl- 
aminodimethyl aluminium and methyl 4-[4-(4-fluoFophenyl)-5*(4-p3rridyl)- 
5 lH-iniidazol-2-yl]-benzoate [See Ex. 18 above]: mp 233-234 ''C. 

Example 36 * 2*[4*(N-BenzyI-N-methyl)aminomethylphenyl]-4-(4- 
fluorophenyl)-5-(4-pyridyl)-lH-imidazole * The title compound was 
prepared using the same procedure as described in Example 11» except 
using N-benzyl-N-methyl-4-[4-(4-fluorophenyl)-5-(4-p3nidyI)-lH-imidazol^ 

10 yllbenzamide [See Ex. 35 above]: ESMS (m Iz): 449 (M^-i-H). 
Example 87a - 4-(4-Flaorophenyl)-N-l-hydroi7-2-(4- 
methylthiopheiiyl)-6-(4-qiiinolyl)imidazole • (a) 4-Flaoro-2-(4- 
qiiiiiol9d)acsetoplienone - The title compound was prepared using the 
same procedure as described in Example 10, step Q>) except using 4- 

15 methylquinoline: m NMR (CDCI3): S 8.87 (d. IH); 8.10 (m, 3H); 7.88 (d, 
IH); 7.74 (br t, IH); 7.57 (br t, IH); 7.20 (m, 3H); 4.73 (s, 2H). 

(b) 4-Fluon>-2-hydrDsyimino-2-(4-<inino]yl)ac5etoplienone - The 
title compound was prepared using the same procedure as described in 
Example 10, step (c) except using 4-fluoro-2-(4-quinolyl)acetophenone. 

20 (c) 4-(4-FluorophenyI)-N-l-hydroxy-2-(4-methylthiopheiiyl)-5- 

(4-qiuiu>lyl)imidazole • The title compound was prepared using the same 
procedure as described in Example 10, step (d) except using 4-fluoro-2- 
hydroxyimino-2-(4-quinolyl)acetophenone and 4-(methylthio)benzaldehyde: 
IH Nlim (CDas): 8 8.03 (m, IH); 7.80 (br d. 2H); 7.52 (d, IH); 7.40-7. W 

25 5H); 6.81 (br m, 3H); 6.61 (apparent t, 2H), 2.48 (s, 3H). 

Example 87b -4-(4-Fluoroplienyl)-2-(4-metiiylthiophenyl)-5-(4- 
qninblyD-lH-iniidazole - The title compound was prepared using the 
same procedure as described in Example 1, except using 4-(4*fluorophenyl)- 
N-l-hydroxy-2-(4-methyltUophenyl)-5-(4-quinolyl)imidazole: ESMS (m/z): 

30 412(M++H). 

Example 38 - 4-(4-Fluorophenyl)-2*(4«me<Jiylsulfiiiylphenyl)-5-(4- 
quinolyl)«lH-imidazole - The tiltle compound was prepared using the 
same procedure as described in Example 20, except using 4-(4-fluoro- 
phenyl)-2-(4-methylthiophenyl>5-(4-quinolyl)-lH-iniidazole: ESMS (m/z): 

35 428 (M++H). 

Example 39 - 4-(3-CUorophenyl)-2-(4-metliyIsiilfinyIphenyl)-5-(4- 
pyridyl)-lH-imidazole - The title compound was prepared using the same 
procedure as described in Example 20, except using 4-(3-€hlorophenyl)-2-(4- 
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]iiethjlffaiopheiiyl}-5-<4-pyridb^)-lH-uiudazole[SeeEx.4^ ESMS 
(iii/«):394(M++H). 

Example 40a - 4-(3-CUoroidieiiyl}-N-l-liydiozy-2-(4-]iietliyU]uo- 
pilieiiyD^(4-pyri^)-lH-i]iiidazole - (a) 8-Ghloro-N-methozy-N- 
5 meiliylbeiizainide - The title compound was prepared us ing the same 
procedure as described in Example 10 (a) except using 3-chlorobenzoyl 
chloride: m NMR (CDCI3): S 7.69 (br s, XSy, 7.58 (br d, IH); 7.42 (br d, IH); 
7^1 (dd, IH); 3.55 (s, 3H); 3.34 (s, 3H). 

(b) S-Clilaro-2-(4-pyridyl)acetophenone - The title compound was 
10 prepared using the same procedure as described in Example 10, step (b) 

except udng 4-picoline and 3-chloro-N-mefJi(HQr-N-metiiy]benzaiiii&: 
NMR (CDCI3): 5 8.60 (d, 2H>, 8.00 (br s, IH); 7.89 (br d. IH); 7.60 (br d, IH); 
7.45 (t, IH); 7.21 (d. 2H); 4^7 (s, 2H). 

(c) 3-<3i]Dro-2-]]ydro^njiiino-2-(4-p3nnd3^)aoetoph6^ - The 
15 title conqiound was prepared using the saxneprocednre as described in 

TgyflmpTft 10, step (c) except using 3-diloro-2-(4-pyridyI)aoetophenone. 

(d) 4>(3-CliloroplieziyI)-N-l-]iydrozy-2-(4-iiietliylthiopheiiyl)-5- 
(4-iq^ridyD-lH-iiiiidazole • The title compound was prepared using the 
same procedure as described in Example 10, step (d) except using 3-cbloro- 

20 2-hydro^imino-2-(4-pyridyl)acetophenone and 4-metiiylthiobenzald ehy de; 
IH NMR (CD(3l3): 6 8.04 (d, 2H); 7.70 (d, 2H); 7.21-6.91 (m, 8H); 2,47 (s, 3H). 
Example 40b 4-(3-Cliloropheiiyl)-2-(4-methylthiophenyl)-5-(4- 
pyTid^)-lH-imidazole -The title compound was pr^ared using tiie same 
procedure as described in Example 1, except using 4-(3-dilorophenyl>N-l- 

25 hydroxy-2-(4-methylthiophenyl)-5-(4-pyrid3Pl)imidazole: ESMS (m/z): 378 
(M++H). 

Example 41 • 4-(4-Eliiorop]ienyl)^2-(4-fotmamidometiiylpheiQrl)-6-C4- 
pyxid^lH-iinidazole • Formic acid (10 ml) was added to acetic anhydride 
(20 mL) and the mixture was heated to 50 for IS min. 2-(4-Aminometiiyl- 

80 idienyl)-4-(4-fluorophenyl)-5-4-pyricbrl)imidazole (0.25 g, 0.73 mmol) [See Ex. 
11] was added and the reaction mixture was heated to 50*^0 fin- 2 h. The 
solvent was evaporated and tiie residue was purified by flash chromatography, 
eluting with a solvent gradient of 4-10% MeOH/CJHCag. The titie compound 
was isolated as a tan solid (0.15 g, 65%): ESMS (m/z): 373 (M^+H). 

35 Example 42 - 4-[4-(4-Fiuorophenyl)-6-(4-pyxidyl)-lH-imidazol-2-yl]- 

benzohydrozamic add - To a solution of 0-benzyl-4-[4-(4-fluorophezqd)-5-(4- 
pyridyl)-lH-imazol-2-yl]b^izohydroxamic add (0.10 g, 0.22 mmol> [See Ex. 43 
below] in ethandl (10 mL) was added 10 % palladium on caifoon. After stirring 
under an atmosphere of H2 for 18 h, the reaction mixture was filtered through 



-42- 



wo 93/14081 



PCT/US93/00674 



odite and the sdids were washed with ethanol. The combined fQtrates were 
evaporated and the residue was recxystallized &om 2*pFopanol to afiEbrd the 
title compound ( 0.040 g, 50%): ESMS (m/z): 375 (M-^+H). 
Example 43 - 0-Benzyl'4»[4"(4-Huorophenyl)-6-(4-pyridyl)-lH-i^ 
5 2-yl]-benzohydrozamic acid - To a stirred suspension of O-benzyl- 

hydro^lamine hydrochloride (1.2 g, 7.8 mmol) in toluene (20 mL) at 0 was 
added trimethylaluminum (2.0 M in toluene, 3.9 mL, 7.8 mmol). The reaction 
mixture was warmed to rt and stirring was continued at this temperature for 1 
h. Ethyl 4-[4-(4-fluorophenyl)-5-{4-pyridyl)-lH-imidazol-2-yl] benzoate (1.0 g, 
10 2.6 mmol) [See Ex. 14 above] was added and the reaction mixture was heated 
at reflux for 3 h. After cooling, the reaction was poured into 10% MeOH/C^ 

containing silica geL The solids were removed by filtration and washed witii 10 
% MeOH/CHCls. The combined washings were evaporated and the residue was 

purified by flash chromatography eluting with a solvent gradient of 1-10 % 
15 MeOH/CHCas. Trituration with ether afforded the title compound as a white 
soUd (0.25 g. 21%): iH NMR (CDCI3/ MeOH-d4): 8 8,16 (d, 2H); 7.77 (d, 2H); 
7.53 (d, 2H); 7.23 (m. 5H); 7.10 (m, 4H); 6.88 (t, 2H). 
Example 44 • 4-[4-(4-Fluorophenyl)-5-(4-pyridyI)-lH-imidazol-2- 
yl]benzamide oxime - To a mixture of 2-(4*cyanophenyl)-4-(4-fluorophenyl)-5- 
20 (4-pyridyl)-lH-imidazole (3.0 g, 8.7 mmol) [See Ex. 1 above] and K2CO3 (2.4 g, 
17 nmiol) in EtOH (120 mL) and H2O (6 mL) was added hydroxylamine 
hydrochloride (1.2 g, 17 mmol). Afi^r heating at reflux for 24 h» the reaction 
mixture was poured into H2O. The precipitate was collected, washed with H2O 
and air-dried. The crude product was dissolved in acetone* silica gel was added 
25 . and the solvent was evaporated. The impregnated silica gel was added to the 
top of aflash column and the column was eluted with a solvent gradient of 2*10 
% MeOH/CHds to afford the titie compound as a white solid (3.0 g, 91 %): 
ESMS (m/jf); 374 (M++H). 

Example 45 - N**-MethyI-N'-cyano-N-[4-(4-fluo]x>phenyl)-5*(4-pyridyl)- 

30 1H«i™Mfiy^1-g-y1]lw*w!rylgiinfiijiiiift . To S SUSpOUSion of 2-(4- 

aminomethylphenyl)-4-(4*fluorophenyl)-5*(4-pyridyl)-lH-imidazole (2.5 g, 7.3 
mmol) [See Ex. 11 above] in CH3CN (250 mL) was added diphenyl 
cyanocarbonimidate (8.8 g, 7.3 mmol). After stirring at rt for 18 h, the solid 
which formed was collected by filtration and washed with CH3CN.(2.1 g, 59%), 

35 Without further purification, this material was added to methanol (100 mL) 
saturated with methylamine. The flask was stoppered and the reaction was 
stirred fin* 18 h at rt The solvent and excess methylamine were evaporated 
and the residue was triturated with ether to give a brown solid which was 
further purified by flash chromatography eluting witix a solvent gradient of 4* 



-43- 



10% MeOH/CHCls to afford the title conqKmnd as a tan sdid (0.35 g, 78%): 
dMS (NH3,w/2): 426 (M^+H). 

PVompU. 46a • N-l-Hydrozy-4-(8-mefhozyphenyl)-2-(4- 
TiM»*liyiai{ftpheiiyi)-5-f4-pyridvI)'lH°imidazole - (a) 3-Methoxy-N- 
5 ]iieliliozy-N<4iiefh^benzamide - The title compound was prepaied using the 
same procedure as described in Example 10, step (a) except using m-anisoyl 
chloride: NMR (CDCI3): 6 7.27 (m. 3H); 7.01 (m, IH); 3.82 (s, 3H); 3.57 (s, 
3H); 3.36 (s, 3H). 

(b) 3-Methoxy-2-(4-pyridyl)acetophenone - The title compound was 
10 prepared using the same procedure as described in Example 10, step (b) except 

using 3-methoxy-N-methoxy-N-methylbenzamide: ESMS (m/z): 228.2 (M++H). 

(c) 2-Hydroxyinun«>-3-inethoxy-2-(4-pyridyl)acetoiiIieiioiie - The 
title compound was prepared using the same procedure as described in 
Example 10, step (c) es»pt using 3-methraqr-2-(4-pyridyl)acetophenonc. 

15 (d) N-l-Hydroxy-4-(3-meflioxyphenyD-2-(4-metbylfliio- 

plieiiyl)-5-(4-pyridyl)-lH-imidazo]e • The title compound was prepared 

procedin« as described in Example 10, step (d) except using 2- 
hydnayiniino-3-methoxy-2-(4-pyri<fyl)acetophenone and4-0Enethyltbio)- 

benzaldehyde: ESMS(m/z): 390 (M++H). 

20 Example 46b • 4-(3-MethozypheDyl)-2-(4-methylthiopheiiyl)-5-(4- 
pyridyDimidazole • The title conqraund was prepared u sing the same 
procedure as described in Example 1, except tising N-l-hydroxy-4-(3-metiio^- 
phenyl)-2-(4-methylthiophenyl>5-(4-pyridyl)imidazdle: mp 215.0-216.0 "C. 
Example 47 - 4-(8-Methoxyphenyl)-2-(4-methylsnlfiii3*ph«nyl)-6-(4- 

25 pyridyl)-IH-imidazoIe - The title compound was prepared using tiie same 
procedure as described in Example 38, except using 4-(3-metii03^faenyl)-2-(4- 
meth^thiophenyD-5-(4-pyridyl)-lH-imidazole [See Example 46 above]: nqp 
167-168.5 "C. 

Ezampie 48 • Mb]7ho]i]M>-4-[4-(4-fiaorophenyl)-5-(4-pyridyl)-lH- 
30 imidazol-2<yllbenzamide - The title compound was prepared using the same 
procedure as described in Exanq>le 21 except using dimetiiylamino- 
(morpholino)aluminum diloride and eaiyl4-[4-(4-fluorophenyl)-5-(4-pyridyi)- 
lH-imidazol-2-yl>benzoate [See Ex. 14 above]: ESMS (m/z): 429 (M++H). 
Example 49 - 4-(4-Fluorophenyl)-5-[4-(2-methylpyridyl)]-2-(4- 
35 methylthiophenyl)-lH-imidazole • The title compound was prepared using 
the same procedure as described in Example 13, except using 4-(4-£luoro- 
phenyl>l-hydroiT-5-[4-(2-methylpyridyl)]-2-(4rmeti«dthiophenyl)-imidazole 

[See Ex. 66 below]: ESMS (m/z): 376.2 
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Example 60 - 4-(4-Fluoropheiiyl)-6-[4-(2-mefhylpyridyl)]-2-(4- 
met]iylsnlfiiiylpheiiyl)-lH-i]iudazole • The title conqiound was prepared 
using the same procedure as described in Example 20 except using 4-(4- 
£liiorophenyl>5-[4-(2*methypyiidyl)]-2-(4-methyltfaiophenyl)-lH-ii^ [See 
5 Ex. 49 above]: ESMS imlz): 392.2 (M++H). 

Example 61a • 4-(4-Fluoropheiiyl)-N-l-hydn>xy-6-(4-pyrimidinyl) 
imidasBole • (a) 4-Flaoro -2-(4-pyrimidiiiyl)acetophenone - The title 
compound was prepared ^i^Tig the same procedure as described in Example 10, 
step (b) except using 4-methylpyriinidine. 

10 (b) 4*Flaoro-2-hydroxyimino-2-(4-pyrimidinyI)aceto 

The title compound was prepared using the same procedure described in 
Example 10, step (c) except using 4^fluoro-2-(4-pyrimidinyl)acetophenone. 

(c) 4-(4-Fluorophenyl)-N-l-hydro27-6-(4-pyiimidinyl)^ - 
The title compound was prepared using the same procedure described in 

15 Example 10, step (d) except using 4-fluorophenyl-2-h3^droxyimin6-2*(4- 
pyrimidinyDacetophenone. 

Example 61b - 4-(4-Fluorophenyl)-2«(4-metI^liliiopheiiyl)-6-(4- 
pyrimidiiiyl)-lH-imidazole - The title compound was prepared using the 
same procedure as described in Example 1, except using 4-(4-fluorophenyI)-N- 

20 l-hydn)xy-5-(4-pyrimidinyl)imidazole: CIMS (NH3, m/z): 363 (M++H). 
Example 62 - 4-(4-Fluorophenyl)-2-(4-methylsulfi]iylpheny)-6-(4- 
pyrimidinyl)»lH*imidazole - The title compoxmd was prepared using the 
same procedure described in Example 20, except using 4<<4-fluorophenyl)-2-(4* 
methylthio)phenyl)-5-(4-pyrimidinyl)-m-imidazole: CIMS (NH3, miz): 379 

25 (M++H). 

Example 63 • 4-(4-Iluoix>p]ieByl)-2-(4-methylsutfonylpheny)-6-(^ 
pyrimidiiqrl)*lH-imidazole • To a solution of 4*(4-fiuorophenyl)-2^4- 
methyiflriophenyl)-5-<4-pyrimidinyl)-lH-imidazole (0.10 g, 0.28 mmol) [See Ex. 
51 above] was added 3-chloroperbenzoic add (50%, 0.15 g, 0.42 mmolX After 
30 stirring at rt for 72 h, the solvent was evaporated and the residue was * 

partitioned between EtOAc and 2.5 N NaOH. The organic phase was washed 
with brine, dried (MgS04) and evaporated. The residue was triturated with 
EtOAc to afford the title compound as a white solid (0.50 g, 46%). CIMS(NH3, 

m/z):395(M++H). 

35 Example 54 - 4-(4-Fluorophenyl)-2-(4-Morpholinomeihylphenyl)-5-(4- 
pyridyD-lH-imidazole * The title compound was prepared using the same 
procedure as described in Example 11 except using morphoIino-4-[4-(4- 
fluorophenyl)-5-(4-pyridyl)-lH-iniidazol-2-yl]benzaimd^ mp 242-243 ^C. 
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Example 65 - 4-(4-Fluoroplieiiyl)-2-(4-hydroxyiiie(iiyl)-6-(4-pyridyl)- 
IH-imidazoIe - Tb a suspendoiL of etM ^-C-t-C^-fiuoropheiiyD^-CA-pyri^)- 
lH-iinidaa)l-2-yU benzoate (1.0 g, 2.6 minoD [See Ex. 14 above] in THF (25 
mL) was added LiAlH4(lM in THF, 7.8 mL, 7.8innM)l). After stirring at rt 

5 fiir 0.5 h, the reaction mixture was poured into 2.5 NNaOH and extracted 
three times with 2:1 EtOAc/CH2Cl2. The combined extracts were washed 
with brine, dried (MgS04) and evaporated to afford the title confound as a 
white solid (0.50 g. 54%). 

Example 56 - 4-[4-(4-Fluorophenyl)-5-(4-pyridyl)-lH-imidazol-2-yl]- 
10 benzaldehyde - To a suspension of 4-(4-fluorophenyl)-2-(4-hydroxyniethyl)-5- 
(4-pyridyl)-lH-imidazole (0.40 g, 1.2 mmol) [See Ex. 55 above] in CH2CI2 (40 
mL) was added pyridimum chlorochromate (0.30 g, 1.4 mmol) at rt The 
readion mixture was stirred at this tenqierature for 21x, filtered timmi^ a pad 
of silica gel ehiting witli 2% MeOH/CHCls and the filtrate evaporated. Hie 
15 residue was purified by flash chromatography eluting with 4% MeOH/(3HCl3 
fidlowed hy rectystallization firom CH2Cn2/MeOH to afiford the title compound 
as a white solid (0.30 g, 7.3%). 

Example 67 - 4^(2-BIethoxyphen3d)-2-(4-me«liy]sii]fiiiylphenyl)-6-(4- 
pyrid^U-lH-imidazole - The title compound was prepared using the same 
20 procedure as described in Example 20 except using 4-(2-metho:g^henyl)-2-(4- 
meth;lthiophenyl)-5-(4-pyri^l)-lH-imidazole[SeeEx.58below]: CIMS 
(NH&m/z): 390 (M++H). 

Example 58a • N-l-H:ydroxy-4-(2-methoxyphenyl)-2-(4-mefhylthio- 
phenyl).5-(4-pyridyl)imida2ole - (a) 2-Methoxy-N-methoxy-N- 
25 methylbenzamide - The tille confound was prepared using tiie same 

procedure as described in Example 10, step (a) exo^t using o-aniso^d chloride: 
lHNMR(CDCl3): 67.36(m,3H);6.98(dd, IH); 3.84 (s,3H); 3.56 (br8,3H); 3.32 

(bFS,3H). 

(b) 2-Mefho3Qr-2-(4-pyridyDaoetoplieiio]ie- The title compound was 
30 prepared using the same procedure as described in Ebcample 10, step (b) exo^t 

firing 2-meth(n7-N-niethoxy-N-metiiylbenzaniide. 

(c) 2-HydToxyhiiiiio-2-methoxy-2-(4-pyridyl)aoetophenone- The 
title compound was prepared using the same procedure as described in 
Example 10, step (c) except using 2-inethoxy-2-(4-pyridyi)acetophenone. 

35 (d) N-l-Hydroxy-4-(2-methoig^hei^l)-2-(4-methylthiophenyl)-5- 

(4-pyridyl)imidazole - The title compound was prepared using the same 
procedure as described in Example 10, step (d) except using 2-hydrosgwmno-2- 
methozy-2-(4-pyridyl)acetophenone and4-(methylti]io)benzaldel^: ESMS 
(m/2): 390.0 (M++H). 



-46- 



wo 93/14081 



PCr/US93/00674 



Eacample 58b - 4-(2*Methoxyplienyl)-2-(4-meihyltliioidienyl)-6-(4^ 
pyridyl)*lH*imidazole - The title compotmd was prepared using the same 
procedure as described in Example 1, except using N-l-hydroxy-4-(2- 
metho^henyI>2«<4-methylthiophenyl>5-(4-pyridyl)iimdazole CIMS 
5 (NH3^/z): 374.2 (M++H). 

Example 59 - 3-[4-(4-Flaoropheiiyl)-6-(4-pyridyl)-lH-imidazol-2- 
yl]phenyl-5«metliyl-4,6-dihydro-l^y4*oxadiazole - A solution of 4-[4-(4- 
FluorophaQyl)-5-(4-pyridyl)-lH-inudazol-2*yl]benzarDide ozime (0.50 g, 1*3 
nunol) [See Ex. 44 above] and acetaldehyde (25 mL) in ethand (100 mL) and 
10 H2O (100 mL) was stirred at rt for seven days. The solvent was evaporated 

and the residue was purified by flash chromatography eluting witix a solvent 
gradient of 2-4% CHCla/MeOH. Reciystallization firom EtOAc afiforded llie ti^^ 
compound as a ydlow solid (0.11 g, 21%): CIMS (NH3, ml 2): 400 (M++H). 
Example 60 - 3-[4-(4-Fluorophenyl)-5-(4-pyridyl)-lH-imidazol-2- 

15 yl]phenyl-6-meihyM,2,4-oxadiazole - To a solution of 4-[4-(4-fluorophenyl)- 
5-(4-pyiidyI)-lH-imidazol-2-yl]benzanude oxime (0.10 g, 0.27 mmol) [See Ex. 44 
above] in pyridine (10 mL) was added acetic anhydride (1.0 mL) at rt After 
stirring at this temperature for 18 h, the reaction mixture was poured into 
H2O, and the precipitate collected, washed with H2O and dried in vacuo . 

20 Without further purification, the crude o-acylamidoxime was dissolved in acetic 
add (5 ml) and heated at reflux for 3 h. The solvent was evaporated, H2O was 
added and the mixture was neutralized with aqueous NaHCOs. The pre- 
cipitate was collected, washed with H2O, air-dried and purified Iqr flash 
dm>matographydutingwith4%MeOH/CH(}l3. Trituration with ether 

25 afforded the title compound as a white solid (0.030 g, 28%): CIMS (NH3, m Iz): 
398(M^-hH). 

Example 61 - 4-(3-Aminophenyl)-2-(4-metliylthiophenyl)-5-(4-pyridyl)- 
IH-imidazole - A solution of 0.161 g (0.41 mmol) of 2-(4-methylthiophenyl)-4- 
(3-nitrophenyl)-5-(4-pyridyl)-lH-imidazole [See Ex. 62 below] in 3.4 mL of 

30 HOAC-H2O (1:1) was treated with 1.81 mL (2.87 mmol) of 20% aqueous 

titanium (JR) chloride in one single portion. The mixture was stirred at rt for 
20 min^ then made basic with 10% NaOH. The aqueous mixture was extracted 
with 95:5 CH2Cl2/MeOR The organic extracts were washed with H2O and 
saturated NaCSl. Evaporation of solvent in vacuo afforded a ydlow solid which 

35 was filtered through a plug of silica gel, eluting with 90:10 CHCTls/MeOH. The 
title compound was isolated as a pale yellow solid (0.129 g, 76%): CIMS 
(NH3,TO/z): 359.1 (M++H). 

Example 62a - N-l-Hydrozy-2-(4-methyliliiopheiqrl)-4-(8-iiitroplieiiyl)-5- 
(4-pyridyl)imidazole - (a) l-(3-Nitropheiiyl)-2-(4-pyridyl)eihaiiol - The 

-47. 



WO93/14081 PCr/US93/00<J74 

title conqionnd was prepared using the same procedure as described in 
ysramplA 10, step (b) cxcept using S-nitrobenzaldehyde: NMR (CDCI3): 5 
8.41 (d, 2H); 8.23 (s, IH); 8.15 (d, IH); 7.67 (d. IH); 7.54 (t, IH); 7.19 (d, 2H); 
5.05(t,lH);4.41(8, 2H). 
5 (b) l.(3-I«troplienyl)-2-(4-pyridyl)acetophenoiie - To a solution of 

1.0 mL (14.3 nunol) of DMSO in 55 mL of diy CH2CI2 was added 1.82 mL (12.9 
mmol) of trifluoroaoetic anhydride at -78 *C. The mixture was stirred for 30 
min, then a solution of l-(3-nitrophen3d)-2-(4-pyTidyl)ethanol (1.09 g, 4.46 
mmol) in DMSO/CH2C3I2 (3/11 mL) was added dropwise. The mixture was 

10 stirred at -78 *C for 2 h, then 4.1 mL (29.4 mmd) o£ trietl^lamine was added 
dnqtwise. The ice batii was removed and the mixture was warmed to room 
ten^)erature. The mixture was poured into saturated NH4CI and extracted 
withCH2Cl2- The organic extracts were washed witii saturated NH4CI and 
saturated NaCl, Ihen dried aver MgS04. Bemoval of tiie solvent in vacuo 

15 afforded a red oil which was purified by flash chromatography, eluting with a 
gradient of 0-3% MeOH/(3HC3l3. The title compound was isolated as an orange 
ofl (0.65 g, 60%): m NMR (CDCI3): 5 8.83 (s, IH); 8.60 (d. 2H); 8.46 (d. IH); 
8.32 (d, IH); 7.72 (t, IH); 7.23 (d, 2H); 4.38 (s, 2H). 

(c) 2*Hydro3^imino-l-(S-nitrophenyl)-2-(4-pyridyl)acetophenone 
20 The title compound was prepared using the same procedure as described in 

Exan^le 10, step (c) except using l-(3-nitrophenyl)-2-(4-pyridyi)aceto ph enone. 

(d) N-lrHydioxy-2-(4-methylthiophenyl)-4-(3-iiitrop]ienyl)-5-(4^ 
pyiidyl)imidazole - The title compound was prepared using the same 
procedure as described inExan^lelO, step (d) en»pt using 2-hydrosyiminio-l- 

25 (3-nitrophenyi)-2-(4-K^dyl)acetophenone and 4-(metiylthio)ben z al d e hy de: ^H 
NME (GDCl3/MeOH-d4): 6 8.55 (d, 2H); 8.43 (m, 1H)-/8.15 (dd, IH); 8.06 (d, 
2H); 7.78 (d, IH); 7.51 (m. IH); 7.45 (d, 2H); 7.32 Cm, 2H); 2.57 (s, 3H). 
Example 62b • 2-(4-Methylthiopheiiyl)-4-(3-aitrophenyl)-5K4-pyridyI)- 
IH-imidazole • The titie compound was prepared using the same procedure as 

30 described in Example 1, except using N-l-hydro^-2-(4-methylthiophenyl)-4-(3- 
nitrophenyl)-5-(4-pyridyl)imidazole: CIMS (NH3, m/z): 389.1 (M++H) 
Example 63 - 4-(3-Meihanesii]fonamidophenyl)-2-(4-metIiylfhiophenyl)- 
5-(4-pyridyl)<lH-imidazole • The titie compound was prepared using the 
same procedure as described in Example 29, except using 4-(3-anainophenyl)-2- 

35 (4-methyltiiiophenyl)-5-(4-pyridyl)-lH-imidazole[SeeEx.61above]: ESMS 
(j»/z): 437.0 (M++H). 

Example 64 - 3-[4-(4-Fliioxophenyl)^4-pyridyD-lH-iniidazol-2- 
^ldieiiyMA4-<«adiazdL-6(ffl)-one • To a mixture of 4-[4-(4-fluorophenyl> 
5-(4-pyridyD-lH-imidazol-2-yl]benzamide mdme (0.25 g, 0.67 mmol) [See Ex. 44 
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above] in CH2CI2 (5.0 mL) and EtsN (0.19 mL,1.3 mmol) was added ethyl 
chlorofonnate (0.076 mL, 0.80 nunol) at rt. After 0.5 h at this temperature, the 
reaction mixture was poured into H2O, extracted four times with CH2CI2 BXkd 
once with 10% MeOH/CH2Cl2- The organic extracts were combined and 
5 evaporated. The residue was purified by flash chromatography eluting with a 
solvent gradient of 2-4% MeOH/CHCls. Trituration with ether afforded a white 
solid (0.22 g, 73%). A portion of this compound (0.10 g, 0.22 mmol) was 
dissolved in HOAc (2.5 mL) and heated to reflux for 18 h. The reaction mixture 
was poured into H2O, neutralized with concentrated NH4OH, extracted with 
10 EtOAc and evaporated. The residue was triturated sparingly witih cold EtOAc 
to afford the title compound as a yellow solid (0.020 g, 23%): CMS (NHs, m/z): 
400(M++H). 

Example 65 * 4-(3-Aoetaniidophenyl)-2-(4-meihylihiophenyl)-5-(4- 
pyridyl)-lH-imidazole - The title compound was prepared using the same 
l5 procedure as descxibed in Example 6, except using 4-(3-aminophenyl>-2-(4- 

methylthiophenyl)-5-(4-pyiidyl)-lH*imidazole[SeeEx.61above]: ESMS(m/z): 
401(M++H). 

Example 66 - 4-(4-Fluorophenyl)-l-N-hydroxy-5-[4-(2*methylpyridyl)]-2- 
(4-meihyltiiiophenyl)imidazole - (a) 2-Methyl isonicotinic acid • The 
20 title compound was prepared using the same procedure as described in Liebigs 
Ann, Chenu, 1958, 613, 153: ESMS {miz): 138.0 (M++H). 

(b) Methyl 2-methyli80iiicatinate - To an ice*cooled suspension of 
1.32 g (9.62 mmol) of 2-methyli8onicotimc add in 20 mL of MeOH was added 
1.47 mL (20.2 mmol) of thionyl chloride. The ice-bath was removed and the 

25 reaction was stirred at rt. After 22 h, the MeOH was evaporated and tiie 
residue was taken up in H2O. The aqueous mixture was neutralized with 
saturated NaHCOs, then extracted with Et20. The organic extracts were 
washed with saturated NaCl» dried over MgS04, then filtered through a bed of 
celite. Evaporation of solvent in vacuo afforded the titie compound as a yellow 

30 Kquid (0.89 g, 61%): NMR (CDQs): d 8.66 (d, IH); 7.72 (s. IH); 7.64 (d. IH); 
3.98 (s,3H); 2.64 (s, 3HX 

(c) Methyl 4*fluorDphenylacetate - The title compound was prepared 
using the same procedure as described in Example 66» step (b) except using 4- 
fluorophenylacetic add: NMR (CDCJla): 5 7.25 (dd, 2H); 7.02 (t, 2H); 3.71 (s, 

35 3H);3.61(s,2H). 

(d) 2-(4-Fluorophenyl)-l-[2-meihyl-(4-pyridyl)]etliaiio]ie • To a 
freshly prepared solution of NaOMe (3.0 M in MeOH) was added a solution of 
meth^ 2-metiiylisonicotinate (6.81 g, 45.1 mmol) in MeOH (10 mL). This was 
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Mowed 1^ the dropwise addition of asolution of methyl 4-fluorophenylacetate 
(8.34 g, 49.6 mmdl) in BleOH (10 mL). The MeOH was distiUed off while 
heating tiie reaction mixture at 95 "C. After 17.5 h, the soKd residue was 
cooled. Concentrated BCl (15 mL) was added, and the mixture was heated at 
5 reflux. After 4 h, the mixture was cooled then diluted with H2O. The aqueous 
mixture was washed with Et20, adjusted to pH 5 with IN NaOH, then 
adjusted to pH 8 with saturated NaHCOs- The alkaline aqueous was extracted 
with EtOAc. The EtOAc extracts were washed with saturated NaCI, then dried 
over Na2S04. Evaporation of solvent in vacuo afforded a red oil which was 

10 purified by column chromatography, duting wifli a gradient of 0-3% 
MeOH/CJHCIs. The title compound was isolated as a red oil (L5 g, 15%). 

(e) 2-(4-^Fliioxophei^-2-l]Qrdrozyi]niiio-l-[2-mefih3^-(4- 
pyiidyDletlianone - The tide conqMiund was prepared using tiie same 
procedure as described in Example 10, step (c) except using 2-{4-£luorophenyl)- 

15 l-[2-methyl-(4-Eyridyl)]ethanone: ESMS (i»/z): 259 (M++H). 

(0 4-(4.Fluorophenyl)-l-hydroxy-6-[4-(2-inetiiy^yiidyl)]-2-(4- 

]iietbyl<iiiophai^)i]nidazole • The title compound was prepared using tiie 
same procedure as described in Example 10, step (d) except using 2-(4- 
fluorophenyl)-2-hydroxyimino-l-[2-methyl-(4-pyridyl)]ethanone and 4- 

20 (methylthio)benzaldehyde: ESMS (in/2): 392 (M+-t-H). 

Example 67- 8-[4-(4-Flnorophenyl)-6-(4-pyridyl)-lH-imidasBol-2-yl]- 
phenyl-5,6-d[imetiiyl-4,6-dihydro-l,2»4H>xadiazole - To a solution of 4-[4-(4- 
fluorophenyl)-5-(4-pyridyl)-lH-imidazdl-2-yl]benzamide oxime (0.25 g, 0.67 
mmol) [See Ex. 44 above] in acetone (10 mL) was added pyridinium 

25 trifluoroacetate (0.39 g, 2.0 mmol). After heating at reflux for 18 h, the 

reaction mixture was poured into saturated aqueous NaHCOs. extracted witii 
EtOAc and the organic phase was evi^orated. The residue was purified by 
flaah chromatography eluting with a solvent gradient of 2-10% M&OS/CKCI3 to 
afford the title compound as a white solid (0.12 g, 43 %): CIMS (NH3. m/z): 

30 414(M++H). 

Example 68 - N-HydPoxy-N.l-[4-[4-(4-fliioK>phenyl)-5-(4-pyiidyl)-m- 
imidazol-2-yQplieiiyllethyl] urea 

(a) a-Methyl-4-[4-(4-£luorophenyl)-5-(4-pyTidyl)-lH- 
imidazol-2-yQbenzyl idcohol To a mixture of 2-(4-cyanophenyl)-4-(4- 
35 fluorophenyl>-5-(4-pyridyl)-IH-imidazole (1.0 g, 2.9 mmd) [See Ex. 1 above] 
was added LfeM^r (3M in Et20, 4.0 mL, 12 mmol) atrt. The reaction 
mixture was heated at reflux fbr 1 h, poured into saturated aqueous NH4CI, 
extracted with THF and tiie organic phase was evaporated. Theresidaewas 
diasoilved in MeOH (20 mL) and NaBHi (1.0 g, 26 mmol) was added. After 0.5 
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h at rt, the solvent was evaporated and the residue was purified by flash 
chromatography eluting with a solvent gradient of 1-10% MeOH/CHCls to 
afford the title compound as a white solid (0.26 g, 25%): NMR 
(CDCl3/MeOH.d4): 8 8.37 (d, 2H); 7.79 (d, 2H); 7.4-7.2 (m, 6H); 6.99 (t. 3H); 
5 4.76 (q,lH); 1.35 (d,3H). 

(b) N-Hydroxy-N-[l-[4-[4-(4-fliioropheiiyl)-5-(4-pyridyl)-lH- 
imidazol-2-yl]phenyl]eihyl]iirea - To a mixture of a-Methyl-4-[4-(4- 
fluorophenyl)-5-(4-pyridyl)imidazol-2-yl]benzyl alcohol (0.25 g, 0.70 mmol), 
P(Ph)3 (0.46 g, 1.75 mmol) and N,0-bi8(benzyloxycarbonyl)hydrozylamine (0.48 
10 g, 1.75 mmol) in THF (15 mL) was added DEAD (0.28 mL,1.75 mmol) at rt. 
The reaction mixture was stirred at this temperature &r 3 h and the solvent 
evaporated. The residue was partially purified by flash chromatography 
eluting with 1% MeOH/CHCls. Methanol (25 mL) was added to this material 

and the mixture was cooled to -78 ^C. Ammonia was bubUed in at this 

15 tenq>erature for 15 min. The reaction mixture was warmed slowly to rt, 
stoppered and stirred at rt for 2 days. The solvent was evaporated and the 
residue was purified by flash chromatography eluting with a solvent gradient 
of 1-10% MeOH/CHCTls. The title compound was obtained as an off-white solid 
(0-43 g, 14%): PABMS (m/z): 418 (M++H). 

20 Example 69 - N-Hydroxy-N-[4-[4-(4-fluorophenyl)-5-(4-pyridyl)-lH- 

imidazol-2-yI]phenyl]metliyI urea - The title compound was obtained using 
the same procedure described in Example 68, except using 4-(4-fluorophenyl)-2- 
(4-hydroxymethyl)-5-(4-pyridyl)-lH-imidazole: FABMS (m/z): 418 (M-'+H). 
Example 70 - 4-(8-Mei]iyliliiophe]iyl)-2-(4-mo]iiholinometliylp]ie^^ 

25 (4-pyridyI)-lH*imidazoIe - 

(a) 8'MeihylfliiobenMildehyde -The title compound was prepared 
using the same procedure as described by Campbell, J. R. in J. Or:g. Chem., 
1962, 27, 2207: NMR (CDCI3): 5 9.95 (s, IH); 7.72 (s, IH); 7.61 (d, IH); 7.45 
(m.^);2.53(8.3H). 

30 (b) l-(3-Meihylthiophenyl)-2-(4-pyridyl)ethaiu>l • The title 

compound was prepared using the same procedure as described in Example 10, 
step (b) except using 3-(methyltfaio)benzaldehyde: NMR (CDCI3): 5 8.33 (d, 
2H); 7.0-7.5 (m, 6H), 4.87 (m, IH); 2.96 (m, 2H); 2.45 (s, 3H). 

(c) l-(3-MetSi3^thiophenyl)-2-(4-p3nridyl)ethaiiedione - To a solution 

35 of l-(3-meth3dthiophenyl}-2-(4-pyridyl)ethanol (2.5 g, 10.2 mmol) in CH2CI2 
(150 mL) was added a mixture of ceUte (4.4 g) and pyridinium dichromate (4.4 
g,20.4mmol). After stizxingfbr 12 h, Hie mixture was filtered through oelite. 
The sdvent was removed in vacuo, and the remdue was purified flash 
dutxmatography, eluting with a solvent gradient of 40-50% EtO Ac/Hex to 
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provide the title oonqiound (144 mg. 5^%): iHMMRCCDCls): 88.88(brd, 
2H); 7^5 (8, IH); 7.78 (d. 2H); 7.67(d, IH); 7.66 (d. IH); 7.44 (t, IS); 2.65 (s, 
3H). 

(d) 4-Mff^^pl^«*««ft1ll1f>t^«y^^»f**»«'^^'*^»y^«* dietl^l &cetal - The title 

5 oompoimd was prepared using the same procedure as described by Borch, R. F., 
Bernstein, M. D., and Durst, H. D. in J. Am. Chem. Soc, 1971, 93, 2897 except 
using the diethyl aoetal: iH NMR (CDCI3): 5 7.41 (d, 2H); 7.32 (d, 2H,); 5.48 

(s, IH); 3.3.3.8 (m. lOH); 2.43 (br s, 4H); 1.25 (t, 6H). 

(e) 4*(3-Methylthiophenyl)2-(4-moTpholi]iomethylphenyl)-6-(4> 

10 pyridyl)-lH-imidazole - The title compound was prepared using the same 
procedure as described in Example 13 except using W3-methylthiophenyl)-2- 
(4-pyri(|yl)-ethanedione and 4-morpholinomethyIbenzaIdehyde diethyl acetal: 
IH NMR (CDCI3): 5 8.47 (d, 2H); 8.02 (d, 2H); 7.3-7.9 (m, 8H); 3.72 (t, 4H); 3.54 
(8, 2H); 2.44 (br s. 4B>, 2.38 (s, 3H). 

15 Example 71 - 4-(8-Methy]sii]finylpheiiyD-2-(4* 

inATpT»'*l^"**™««»»y1p^M*"yl^.5-(4.pyridyl).lH-iinidagole • The title 
oompoimd was prepared using tiie same procedure as described for Example 
20, except using 4-(3-methylthiophenyi)2-(4-morpholinometiiylphenyl)-5-(4- 
pyiidyl>lH-iniidazole [See Ex. 70 above]: iH NMR (CDCas): 5 8.38 (d, 2H); 

20 7.92 (d, 2H); 7.1-7.6 (m, 8H); 3.76 (t, 4H); 3.59, (s, 2H); 2.73 (s, 3H,); 2.52 (br 
8,4H). 

Example 72 - 4-(3*Methanesn]fonamidophenyl)-2-(4- 
methylsulfinylpheiiyl)-5-(4-pyridyl)-lH-imidaa»le - The title compound 
was prepared using tiie same procedure as described in. Example 20, except 
25 using 4-(3-methane8ulfonamido-phenyl)-2-(4-methylthiophenyl)-5-(4-pyridyl)- 
IH-inudazde [See Ex. 63 above]: CIMS (NHs^m/z): 453.3 (M^-fH). 
Example 78 - 2-(4-Etii3dtliiop]ienyl)-4-(4-fliioroplieiqrl)^(4-pyridyD- 
i¥T.iiHi<l«M!ftl<> . The title compoimd was prepared using the same procedure 
as dractibed in Example 13, except using 4-etiiyltiii6benzaldel9de: nq>203- 

30 20500. 

Example 74 - 2-(4-Etiiylsidfinylp]ieii^)-4-(4-fluoroplienyI)-6-(4> 
pyzidyD-lH-imidazole - The title compound was prepared using Hie same 
procedure as described in Example 20, es»pt using 2-(4-eth3ithiophenyl)-4- 
(4-fluorophenyl)-5-(4-pyridyl>lH-imida2ole [See Ex. 73 above]: mp 240 *C. 
35 Example 75 - 4-(4-Flaorophenyl)-2-[(4-(4-methyl-l-piperzinyl)- 
snlJfonyl-phenyl]-5>(4-pyTidyl)-lH-imidazole 

(a) Ethyl [4-(4-methyl piperazinyl) sulfonamldo] benzoate - A 
mixture of 4-chlorosulfonyl benzoic add (5.0 g,22.67 mmol), N-metlQrl 
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piperazine (25 mL) and MeOH (5 xnL) web stirred for 18 h and ether (200 
mL) was added to the mixture. The crystalline solid precipitate was filtered 
and washed with ether (200 mL).The solid was suspended in 20% ethanohc 
HC^ and the mixture was heated at reflux until a homogeneous solution was 
5 attained (about 2 h). The solution was cooled to rt, concentrated, and the 
residue was partitioned between sat NaHCOs and EtOAc. The organic 
extract was dried and concentrated to yield the title compound (5.8 g 80%). 

(b) 4-(4-Methyl piperazinyl) sulfonamido benzyl alcohol - The 
title compound was prepared using the same procedure as described in 

10 Example 78, step (b) except using ethyl [4-(4*methyl piperazinyl) 
sulfonamido] heozoate. 

(c) 4"(4«Methyl piperazinyl) golfonamido be n zal d eh y de - To a 
solution of oxalyl chloride (1.06 mL, 12.1 mmol) in CH2CI2 (20 mL) was 
added DMSO (1.8 mL, 25.4 mmol.) at -60 and the mixture was stir 

15 red for 25 min. A solution of 4-(4-methyl piperazinyl) sulfonamido benzyl 
alcohol (3.0 g, 10.5 mmol) in CH2CI2 (25 mL) and DMSO (5 mL) was added, 
and the mixture was stirred for 1.5 h at -60 ''C. Triethylamine (7.4 mL) was 
added and the mixture was partitioned between brine and EtOAc. The 
organic extract was concentrated, then purified by flash chromatography to 

20 yield the title compound (1.0 g, 33%). 

(d) 4-(4-Fliiorophenyl)-2-[4-(4-meihyl piperazinyl) 
sulfonamido phenyl]-5-(4-pyridyl)-lH-imidazole - The title compound 
was prepared using the same procedure as described in Example 13, except 
using 4-(4-methyl piperazinyl) sulfimamido b^izaldehyde: mp 74-76 

25 Example 76 - 4-(4-Fluoroplien3^)-2-[4-(N-metlqrlme<Jianes 
mefliyipheiiyB-5-(4-pyridyl)-lH-imidagsole 

(a) Methyl 4«[(inethnnesnlfonamido)methyl]beiizoate ■ To a 
suspension of 4-(aminomethyl)benzoic add (10 g, 66 mmol) in MeOH (100 
mL) at 0 was added SOC32 (5.3 mL, 73 mmol) dropwise. The ice bath was 

30 removed and the reaction stirred at rt overnight. After heating the reaction 
at reflux for 4 h» the solvent was evaporated. The residue was suspended in 
CH2CI2 (100 mL) at 0 and triethylamine (25 mL) was added, followed 
by the dropwise addition of methanesulfonyl chloride (7.75 mL, 100 mmol). 
The reaction was stirred at rt for 1 h, poured into ice H2O, extracted with 

35 CIH2C!l2 , dried over anhydrous Na2S04, filtered and evaporated. The crude 
product was flash chromatographed on silica gel eluting with 1% 
MeOH/CHCls. The title compound was isolated as a white solid (11.8 g, 74 
%): IH NMR iCDCls): 5 8.03 (d, 2H); 7.42 (d, 2H); 4.9 (br t, IH); 4.38 (d. 
2H); 3.92 (s, 3H); 2.89 (s, 3H). 
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(b): 

- To a mrrtuie of meligrl 4-[(inethane8ulfonamido)methyl]benzoate (5 g, 20.6 
mxnd) in MeOH (100 mL) at rfc was added K2CO3 (2.9 g, 21 mmol). Methyl 
iodide ( 7 ml, 16 g, 112 mmol) was added and tiie mixture stiired ovemight. 
6 The reaction was filtered and the solid washed with CHClsfNLeOR. The 
combined filtrates were evaporated and the residue was purified by flash 
chromatographyon duting with 0-5% MeOH/ CECls. The title compound 
was isolated as a white solid (4.9 g, 94%): m (CDCI3): 5 8 .08 (d, 2H); 7.48 
(d,2H); 4.41 (8, IH); 3.97 (s, 3H); 3.91 (s, 3H); 2,83 (s. 3H). 
10 (c) i [(N Mcfhylnirthnnftffnl*i>"°™<«'**>™«**^*yTP*«"gyl alcohol- 

The title coiiq)Ound was prepared using the same procedure as described in 

Example 78, step (b) exc^ using meti^ 4-E(N-methylmetfiane- 
8u]fimamido)methyl]benzoate: NMR (CDCI3): d 7.34 (m 4H); 4.68 
(S.2H); 4^ (s, 2H); 2.83 (s. 3H>, 2.74 (s. 3H). 
15 (d) 4^[(N-]lfotlqrlmefhanesi]]fonanudo)methyl1bei^^ 

Tha titlft compound was prepared using the same procedure as described in 
Example 78, step (c) except using 4-[(N-methylmetiianesulfonamido)- 
methjilbenzyl alcohol: iH NMR (CDC13): 5 10.02 (s,lH); 7.9 (d.2H); 7.54 

(d,2H); 4.4 (s, 2H); 2.9 (s, 3H>, 2.81 (s, 3H). 

20 (e) 4-(4-Fluoroplienyl)-2-[4-(N-methylmethanesiilfonamido)- 

meth^plienyl]-6-(4-pyiidyI)-lH-imidazoIe • The titie conqiound was 
prepared using the same procedure as described in Exanqde 13, exc^t udng 
4-[(N-methyImetiiane-8u]fimamido)metlqrI]benzaIdehyde: n^ 222-224 **C. 
Example 77 - lHe<ii9^ [i.mefbyl-4-p]ieiiyl-6-(4-pyxidyD-iniidazol-2- 

25 yQmetihozy]meiliyl^iliosphonate 

(a) N^Mefb^-N-[4-pioolyflformamide - To a solution of 4-picol^ 
diloride-Ha (15 g, 91.4 mmol ) and N-methylformamide (53.4 mL, 914 
mmd) in 300 mL of THF was added 80% NaH in mineral oE (5.48 g, 183 
mmol ). After stirring at rt for 18 h the mixture was quenched with ice 

30 water and partitioned between CR^2 and H2O. The organic extract was 
washed with aqueous NaCl and dried over MgS04.The solvent was removed 
in vacuo, and the reodue was purified by flash chromatography, eluiing 
witii 50:1 CH2Cl2/MeOH. The titie compound was obtained as a pale yellow 
ofl (10.5 g, 76%): ESMS (m/z): 151 (M++H). 

35 (b) l-Methyl-4-phenyl-5-[4-pyridyl]i]nida2sole - To a solution of di- 

iso-prwpyl-amine (11.2 mL, 79.9 mmol ) in 160 mL of THP at -78 was 
added n-buf^tiuum (31.9 mL of 2.5 M solution, 79.9 zmnd). To tiie 
xesultingmiztuTe was added a solution of N-mefli3d-N-[4-pico!lyl]fiixmamide 
(10 g, 66.5 mmol) in THF. The resulting orange-brown solution was stirred 
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at -78 for 20 min , at which time benzonitrile (13.6 mL, 133 mmol) was 
added. The resulting dark brown mixture was allowed to wann to rt and 
stirred for 1 h, heated to reflux for 4 h, and then cooled to rt and partitioned 
between CH2CI2 and H2O. The organic extract was washed with aqueous 
5 NaCl and dried (MgS04). The solvent was removed in vacuo, and the 
residue was purified by flash chromatography, eluting with 50:1 CH2CI2/ 
MeOH. The title compound was obtained as a li^t tan solid (5.83 g, 37%): 
mp 158-159 ^C. 

(c) 2-FormyM-methyl-4-phenyl-5*[4*pyridyl]imidazole • To a 

10 solution of l-methyl-4-phenyl-5-[4-pyridinyl]imidazole (0.275 g» 1.17 mmol) in 
THE at -78 ""C was added n-butyllithium (0.56 mL of 2.5 M solution, 1.40 
mmol). The resulting red-orange solution was allowed to stir at -78 for 0.5 h 
when DMP (0.18 mL, 2.34 mmol) was added. The mixture was allowed to warm 
to rt and stir for 4 h, then quenched with ice water and partitioned between 

15 CH2CI2 and H2O. The organic extract was washed with aqueous NaCl and 

dried (MgS04).The solvent was removed in vacuo and the residue was purified 
by flash chromatography eluting with 50:1 CH2Cl2/MeOH. The title compound 
was obtained as a white soUd (0.187 g, 61%): mp 167-168 **C. 

(d) 2*Hydrosymethyl-l-methyl-4-phenyl*5-(4-pyridyl)imidazole • 
20 To a solution of 2-formyl-l-methyl-4-phenyl-5-[4-pyridyl] imidazole (0.830 g, 

3.15 mmol) in MeOH at 0 was added NaBH4 (0.143 g, 3.78 mmol). The 
mixture was stirred at rt for 0.5 h when the solvent was evaporated in vacuo 
and the residue was partitioned between 0-12^2 £^d H2O. The organic extract 
was washed with aqueous NaCl and dried (MgS04). The solvent was removed 
25 in vacuo and the residue was purified by flash chromatography eluting with 
25:1 CH2Cl2/MeOH. The title compound was obtained as a white solid (0.608 g, 

73%): mp 236-238 ""C. 

(e) Diethyl [l-methyl-4-phenyl-5-(4-pyTidyl)-imidazoI-2- 
yl]mefhoxy]-methyl-phosphonate - To a suspension of 80% NaH in mineral 

30 oil (0.013 g, 0.452 mmol) in DMF at 0 was added l-methyl-2- 

hydroxymethyl-4-phenyl-5-[4-pyridinyl] imidazole (0.100 g, 0.377 nmiol) in 
DMF. The resulting bright yellow solution was stirred at 0 °C for 0.5 h when 
diethyl chloromethylphosphonate (0.070 mL, 0.452 mmol) dissolved in 0.079 
mL of HMPA was added. The resulting mixture was stirred at 0 for 15 min 

35 and tiien warmed to rt. After 5 h, the solution was partitioned between CH2CI2 
and H2O. The organic extract was washed with aqueous NaCl and dried 
(MgS04). The solvent was removed in vacuo, and the residue was purified hy 
flash chromatography, eluting with 50:1 CH2Cl2/MeOH. The titie compound 
was obtained as a light amber oil (0.088 & 56%): ESMS (m/z): 416 Qit^-^B). 
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Example 78- 4-(4pFluogophgnyl)-2-[4-( i ne1ih «newnlfonainl do)- 
metliylplien9^-5-(4-pyridyl)-lH-i]iiidazole - (a) Metiiyl 4- 
[(metliaiiesn]foiiaiiiido)]netliy]]-beiizoate - The title compound was 
prepared UEong the same procedure as described in Example 76, step (a). 
5 (b) 4-[(ftfethane8ulfonamido)methyDbeiizyl alcohol -To a mixture 

of meliiyl 4-[(metaianesulfonamido)methyl]benzoate (3.6 g, 15 mmol) inTHF 
(150 mL) was added laAIH^ (1 M in THF, 30 mL, 30 mmol). The reaction 
mixture was stirred at rt for 1 h and poured into 10% MeOH/CBCls containing 
silica gel. Thesolids were removed by filtration, washed with 10% 

10 MeOH/CHCla and the combined washings were evaporated to yield the title 

compound as a white solid (2.6 g, 80%). 

(c) ^[(Mo«niii«M «ilfiifmmi dotoiethvl1beii7.«ldehyde - To a solution 
of4-KmH**f""^1fa"«""'«^»)»"«^*hy^'|bepgl^ alcohol (1.0 g, 4.6 zmnoD in CH2CI2 
(25 mL) was added pyridiniumchlorochromate (1.5 g, 7.0 mmol). The reaction 

IS mixture was stirred for Ih at rt and poured Ihroui^i a pad of silica gel eluting 
with 2% MeOH/CHCls. The titie compound was isolated as a tan solid (1.0 g, 
100 %): IH NMR (jCDasy. 5 10.03 (s,lH); 7.88 (d. 2H); 7.57 (d, 2H); 4.79 (br s, 

mh 4.43 (d, 2H); 2.93 (s, 3H). 

(d) 4-(4-Fluoroplienyl)-2-[4-(me&anesii]foiiamido)metliy]phenyl]- 

20 5-(4-pyridyD-lH-iinidazole - The title compound [also prepared in Example 
32] was prepared iimng the same procedure as described in Example 13, except 
using 4-[(methanesulfonamido)methyl]benzaldehyde. 
Example 79 • 4-(4-Flaoiophenyl)-2-(4-meihyltbioplieiiyl)-5«(4-pyiidyl}- 
IH-imidazole 

25 (lO l-(t-Biilyldimefhyl8i]ylosy)-2^(4-flu<«oplie]q^-l-(4- 

pyrid^)e<]ian0iie • To a -20 °C solution of diisopropylamine (64.4 mL, 0.46 
moD and THF (120 mL) was added 207.8 mL (0.52 md, 2.5 M solution in 
hexanes) of n-butgdlilMum dropwise over 15 miiL The temperature was lowered 
to -15 "C and the mixture was stirred for 0.5 hr. The solution was cooled to -20 

30 "C and 98.14 g (0.44 mol) of 4-(t-butyldimetixylsaylo^)methyl pyridine was 
added dropwise over 20 min. After stirring at -20''C for 45 min, a solution of 4- 
fluoro-N-metho3^-N-methylbenzamide (84.5 g, 0.46 mol) [See Ex. 10, step (a)] 
in THF (90 mL) was added dropwise over 0.5 hr. Once the addition was 
complete, the ice bath was removed and the reaction mixture was warmed to 0 

35 "C for 1 hr, then stirred at rt for 1.5 hr. The mixture was poured into a solution 
of NH4CI (98 g) and H2O (500 mL), then extracted wiOi EtOAc (3 z 250 mL). 
The EtOAe extracts were washed witii H2O and saturated NaCl, then dried 
over MgS04. Evaporation (^tiie sdvent in vacuo afforded the title compound as 
an amber oSl (114.2 g, 75%). 
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(b) 4-(4-Fluorophenyl)-2-(4-methyltMophenyl)-5-(4-pyridyl)-lH- 
imidazole - To a solution of l-(1rbutyldimethyl6ilyloxy>-2*(4-fluorophenyl)-l- 
(4-pyiidyl)ethanone (6.3 g, 18.3 mmol) in glacial acetic add (125 mL) was added 
anhydrous copper (ID aetate (6.6 g, 36.5 mmol), ammonium acetate (14 g, 183 
5 mmol) and 4-(methylthio)benzaldehyde (3.5 g, 22.9 mmol) and the mixture was 
heated at reflux. After 1 hr, the reaction was cooled then poured into a mixture 
of cone. NH4OH (175 mL), ice (100 mL) and EtOAc (100 mL). The resulting 
mixture was stirred for 15 mint then the layers were separated. The aqueous 
layer was extracted with EtO Ac (2 x 50 mL). The combined EtOAc extracts 

10 were washed with saturated NaCl and dried over MgS04. Evaporation of 

solvent invactto gave an oil which was taken up in acetone. 3 N HCl was added 
dropwise to adjust the pH to 2-3, and the resulting solid was filtered. The title 
compound [also prepared in Ex. 17 as the free base] was isolated as the yellow 
hydrochloride salt (3.7 g, 51%). 

15 Example 80 - 2-[4-[(N-Benzyl-N-methyl) aminometliy]]pheiiyl]4-(4- 
fiuorophenyI)-5-(4-p3rridyl)-lH-imidazole 

(a) 4-[(N-ben2yl-N-methyI)aminomeihyl]benzaldehyde 
diethylacetal - To 62.4 g (0.30 mol) of terephthalaldehyde monodiethyl 
acetal was added 32.1 g (0.30 mol) of benzyl amine and 500 mL toluene. The 

20 resulting solution was heated at reflux using a Dean-Stark trap. Afl;er 1 
hour the solution was cooled and concentrated to give a light yellow oil 
(89.1 g). The ofl was dissolved in 900 mL of EtOAc and 2.0 g of 5% palladium 
on charcoal was added. The mixture was hydrogenated on a Parr 
hydrogenation apparatus und^ 37 psi hydrogen pressure. The mixture was 

25 shaken for 1 hour at rt The bottle was vented and 34.4 mL (0.42 mol) df 
37.5% formaldehyde solution (aqueous) was added. The bottie was 
repressuiized with 33 psi hydrogen and the mixture was shaken for 17 hours 
atrt. The bottie was vented and the reaction mixture was filtered and the 
filtrate concentrated to a nearly colorless oil (93.9 g). Vacuum distillation 

30 gave 71.4 g (76%) of 4-(N-methyl-N-benzyl)aminomethylbenzaldehy|le 
diethylacetal: bp (30 torr) 212-234 ""C. 

(b) 2-[4-[(N-Benzyl-N-metiiyl) aminomethyl]phenyI]4-(4- 
fluorophenyl)*5-(4-pyridyl)-lH-imidazole - The titie compound [also 
prepared in Ex. 36] was prepared as described in Example 13, except using 4- 

35 [(N-Wnzyl*N-methyl)aminomethyl]benzaldehyde diethylacetal. 

BIOLOGICAL EXAMPLES 

The cytokine-inhibiting effects of compounds of the present invention were 
determined by the following in vitro assays: 
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1. ni-l-Hunutt peripheral blood monotytes were isolated 

from either fresh Uood preparations from vohinteer donors, or from blood 
KoTilr buffy coats, according to the procedure of Colotta etal,J Immunol, 
I82r 936 (1984). These monocytes (IslO^) were plated in 24-well plates at a 
5 concentration of 1-2 milHon/ml per welL The ceUs were aflowed to adhere 
for 2 hours, after which time non-adherent cells were removed by gentle 
washing. Test compounds were then added to the cells for Ih befinre the 
addition of lipopolysaccharide (50 ng/inl), and the cultures were incubated 
at 370c for an additional 2^ At the end of this poiod, culture super- 

10 natantswrare removed and clarified of cells and aH debris. Culture 

supematants were then immediately assayed fior IL-1 biological activily, 
atber hy the method of Simon et al., J. Immunol. Methods, 84, 85, (1985) 
(based on ability of IL-lto stimulate a Ihterieukin2 prodnringcell line (EL- 
4) to secrete IL-2, in concert with A23187 ionophore) or the method of Lee et 

16 aZ., J. ImmunoTherapy, 6 (1), 1-12 (1990) (ELISA assay). Compounds of 
formula (D were shown to be inhibitors of in wiiro IL-1 produced by human 

mono(7tes. 

2. TSF - Human peripheral blood monocytes were isolated and purified 
from either blood bank huffy coats or plateletpheresis residues, according to 

20 the procedure of Colotta, R. et al., J Immunol, 132(2), 936 (1984). The 

mono(7tes were plated at a density of 1x10^ cells/ml mediumArall in 24-well 
multi-dishes. The cells were allowed to adhere for 1 hour afbnr whiidi time 
the supernatant was aspirated and fi«sh medium (1ml, KPMI-1640, 
Whitaker BioiF'0i^i«»l Products, Whitaker, CA) containing 1% fetal calf 

25 serum plus penicillin and streptomydn (10 units^od) added. The cells were 
incubated for 45 minutes in the presence or absence of a test compound at 
InM-lOpM dose ranges (conqiounds were solubilized in dimethyl 
solfoxide/ethanol, such that the final solvent concen-tration in the culture 
medium was 0.5% dimethyl sulfoxide/0.5% ethanol). Bacterial lipopoly- 

30 saccharide (B. coU 055:35 [LPS] from Sigma Chemicals Co.) was then added 
(100 ng/hil in 10 ml phosphate buffered saline) and cultures incubated for 
16-18 hours at 37*C in a 5% CO2 incubator. At the end of the incubation 
period, culture supmiatants were removed firom the cells, centrifuged at 
3000 rpm to remove cell debris. The supernatant was then assayed for TNF 

35 activity using either a radio-immuno or an ELISA assay, as described in 
WO 92/10190 andbyBeckeret a/., JImmunol, 1991, 147, 4307. Compounds 
of foimuk (D were shown to be inhibitors of in vitro TNF production. 

IL-1 and TNF inhibitoiy activity does not seem to correlate with the 
inoperty of the oonqKrands of Formula (D in med ia t in g araehidimic add 
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metabolism inhibition, further the ability to inhibit production of 
prostaglandin and/or leukotriene synthesis, by nonsteroidal anti- 
inflammatoiy drugs with potent cydooxygenase and/or Upoxygenase 
inhibitoiy activity does not mean that the compound will necessarily also 
5 inhibit TNF or IL-1 production, at non-toxic doses. 

S. IL-8 - Primary human umbilical cord endothelial cells (HUVEC) (Cell 
SjTstems, Eirland, Wa) were maintained in culture medium supplemented 
with 15% fetal bovine serum and 1% CS-HBGF consisting of aFGF and 
heparin. The cells were then diluted 20-fold before being plated (250^1) into 

10 gelating coated 96-well plates. Prior to use, culture medium was replaced 
with fresh medium (200(il). Buffer or test compound (25^1, at concentrations 
between 1 and lO^M) was then added to each well in quadruplicate wells 
and the plates incubated for 6h in a humidified incubator at 37^C in an 
atmosphere of 5% CO2. At the end of the incubation period, supernatant 

15 was removed and assayed for IL-8 concentration using an IL-8 EUSA kit 
obtained from R&D Systems (Minneapolis, MN). All data were presented as 
mean value (ng/ml) of multiple samples based on the standard curve. ICso's 
where appropriate were generated by non-linear regression analysis. The 
compounds of formula (I)» examples 5, 8b and 9, demonstrated a dose 

20 dependent reduction in the production of IL-8 (a 50-65% inhibition of IL-8). 
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1. A compound of formula (1): 

1 />-R3 

5 wherein 

Rl is 4-pyridyl, pyrimidin^, quinolyl, isoquinolinyl, 1-imidazolyl or 1- 
benzimidazolyl which is unsubstituted or substituted with one or 
two substituents each of which is independently selected from C1.4 
alk^ halo, Ci^ alkoxy, Ci^ alkylthio, NH2, mono- or di-Cl-G- 
10 all^lamino or N-heterocydyl ring which ring has fit)m 5 to 7 
members and optionally contains an additional heteroatom 
selected from oxygen, sulfur or NR22; 

R2i6R8or-ORi2; 

R3 is -XaP(ZXXbRi3)2 or an optionally substituted aryl or heteroaiyl 
35 group Q; 

Xa is -NR8-, -0-, -S- or a Cmo ali^ene chain opfionany substituted hy 
Cir4 sSkyl and optionally interrupted hy -NRfi-, -O- or -S-; 

Xb is -(CRioR2o)n> -NR8-, -O- or -S-; 

Z is oxygen or sulfor; 
20 n is 0 or an integer from 1 to 10; 

R4 is phenyl, naphth-l-yl or naphth-2-yl which is optionally 
substituted by one or two substituents, each of which is 
independentiy selected, and which, for a 4-phenyl, 4-naphth-l-yl or 
5-naphth-2-;i substitiuent, is halo, cyano, C(Z}NR7Ri7, C(Z)OR23, 
25 -(CRioR2o)mCOR36, -SE5, -SOR5. -OR36, halo-substitttted-Ci-i alkyi, 
Ci^ aliyl, -ZC(Z)R86, -NRl0C(ZJR23, or -(CRioR2o)niNRloR20 and 
which, for other positions of substitution, is halo^ pyano, 
C(Z)NRi6R26, C(Z)0R8, -(CRioR2o)niC50R8, S(0)mR8, ORb, halo- 
substituted-Ci^ aUgd, -Ci^ alkTl, -NRioC(Z)R8. -NRioS(0)mRli> 
30 -ZCXZ)R8 or -(CRioR2o)iiiNRi6B26; 

m is 0, 1 or 2; 

R5 is hydrogen, C1-4 alkyl, C2A alkenyl, C2-4 alkynyl or NR7R17, 

excluding -SR5 being -SNR7R17 and -SOR5 being -SOH or ; 
Re is Ci^ alkyl, halo-substituted-C w alkyl, C2-4 alkenyl, C2.4 alkynyl 
35 or Cs^ (^doalkyl; 
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R7 and Ri7 is each independently selected from hydrogen or Ci^ alkyl 
or R7 and R17 together with the nitrogen to which they are attached 
form a heterocyclic ring of 5 to 7 members which ring optionally 
contains an additional heteroatom selected from oxygen, sulfur or 
5 NR22; 

RS is hydrogen, heteropydyl, heterocydylalkyl or Rn; 

Rio and R20 is each independently selected from hjrdrogen or Gi^ 

alkyl; 

Rll is Ci-iO alkyl, halo-substituted Ci-io attyl, C2-IO alkenyl, C2-IO 
10 all^yl, C3.7 cydoalkyl, C5.7 Qrdoalkenjd, aiyl, aiylal^l, 
heteroaryl or heteroarylalkyl; 
R12 is hydrogen, -C(Z)Ri3 or optionally substituted Ci^ allorl, aiyl or 
axyl-Ci^ all^; 

Rl3 is hydrogen, Ci-io alkyl, cjrdoaliTl, heterocydyl, aiyl, arjdal^l, 
15 heteroaryl or heteroarylalkyl; 

R16 and R26 is each independentiy selected from hydrogen or 

optionally substituted Ci^ al^l, axyl or aryl-Ci-4 alkyl, or together 
with the nitrogen which they are attached form a heterocydic ling 
of 5 to 7 members which ring optionally contains an additional 
2D heteroatom selected from oxygen, sulfur or NR12 ; 
R22 is Rio or C(Z)-Ci^ alkji; 

R23 is Ci^ alkyl, halo substituted Ci^ alkyl, or C3.5 cydoalkyl; 
R36 is hydrogen or R23; 
or a pharmaceutically acceptable salt thereof; 
25 and exduding 2-(4-chlorophmyl)-4-(4-methoxyphenyl)-5-(4- 
pyridyl)imidazole. 

2. A compound as daimed in daim 1 wherein Ri is optionally 
substitued 4*pyridyl, 4-pynmidinyl, 4-quindyl, 6-isoquindlinyl, 1- 

30 imidazolyl or 1-benzimidazolyl. 

3. A compound as daimed in daim 1 or 2 wherein R2 is hydrogen or 
Ci.ioaBqd. 

35 4. A ooizqN)und as daimed in any one of daims 1 to 3 wherein, in R3, 
the group Q comprises an optionally substitued phenyl, pyrrolyl, 
pyridyl or pyiimidyl mmely. 
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5. A coinpCT^"<^ dflimed in any one of claims 1 to 4 wherein. Q is 
substitttted by up to three substituents Yi each of which is 
independently selected from Ci^ alkyl, halo-substituted C1.5 al^, 
halogen, -Xa-P(Z)-a^i3)2 or -(CRioR2o)nY2 wherein Y2 is -ORs, 

5 -NO2, -SCOWRll. -SRS. -S(0)m'0R8, -S(0)mNR8R9. -NRgRs, 
-0(CRioR2o)nNR8R9, -C(0)R8, -CO2R8, -C02(CRioR2o)n'CONR8R9, 
-ZC(0)R8, -CN, -C(Z)NR8R9, -NRioCORs, .C(Z)NR80R9. 
.NRioC(Z)NR8R9. -NBioS(0)inRll, -NCORiiXJCZJNRfiBe, 
-N(OR2iX3(Z)Il8. -C(aNOR2l)R8. -NRioC(«NBi5)SRu. 

10 -MRioa::^i5)NB8R9.-NRioC(»CRi4B24)SBii. 

-NRioC(-CRi4R24JNBsR9. -NEioaOXJCOJNReRg, -NRioCXO)C(OX)Rio, 
-CCssNRisJNBsRg, -C(=NORi3)NR8R9. -C(aNRi3)ZEu, -OCCZXNRflRg, 
-NRioSCOUCPs, -NRioC(Z)ORio , 5-(Ri8)-lA4-oxadizaol-3-yl or 4-(Ri2)- 
6-(Ri8Ri9>4,5-daiydro-l^,4-oxadiazol-3-yl; m' is 1 or 2; n' is 1 to 10; R9 

16 is hydrogen, Ci-io alkyl, C2.IO alkenyl, C2-IO allynyl, C3-7 cydoallgrl, 
C5.7 c^oalkenyl, aiyl, aiylalkyl, heteroaryl or heteroaiylalkyl or Rs 
and R9 may together with the nitrogen to which they are attadied 
form a hetenM^cIic ring of 5 to 7 members ^ch ring optionally 
contains an additional heteroatom selected from os^gen, sulfur or 

20 NR12; Rl4 and R24 is each independently selected £eom hydrogen, 
ali^l, nitro or qrano; R15 is hydrogen, cyano, C w al^l, C3.7 
cydoa]^ or aryl; R18 and R19 is each independently selected from 
hydrogen, Ci^ al^ substituted alkyl, optionaUy substituted ax^l, 
optionally substituted arylalkyl or together denote oig^gen or sulfur, 

25 and R21 is hydrogen, a pharmaceuticaUy acceptable cation, al^d, 
^oalkyl, aryl, ai3dCi.4a]kyl, heteroaryl, heteroaiylCi.4a]kyl, 
hetenx^c^, aroyl, Ci-ioalkoyl. 

6. A compound as claimed in claim 5 wherein tiie substituent Yi is 
30 selected from halogen, C1.5 alkyl and -(CRioR2o)nY2 wherein Y2 is 

-0R8, -NO2, -S(OWRll, -SR8, -S(0)niNR8R9, -NRgRg, 
-0(CRioR2o)nNR8R9, -C(0)R8, -CO2R8. -C02(CRioR2o)n'CONR8R9, 
-CN, -C(Z)NR8R9, -NRioS(0)mRll, -NRioC(Z)R8, -NRioC(Z)NR8R9, 
-N(OR2iXJ(Z)IJR8R9» -C(Z)NR80R9, -NRioCC^NRisJNRsRg, 
35 -CCsNORiaJNRgRs, 5-(Ri8>l A^-asadizad-S-jd or 4-(Ri2)-5<Ri8Bl9H,5- 
dihydro-l,2,4-azadiazQl-3-yl. 

7. A compound as daimed in daim 6 wherein the group Q has one 
substituent Ti ^^lich is selected team •(CRioR2o)nT2 ^^lerein: n is 0, 
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1, 2 or 3, and Y2 is -ORs, -N02t -S(OWRii, -SR8, -SCOmNRgRg, 
-NRsRs, -0(CRioR2o)nNR8R9,-C(0)R8, -CO2R6, 
.C02(CRioR2o)n'CONR8R9t -CN, -aSNRgRg, -NRioS(0)mRii, 
-NRioC(Z)R8, -C(Z)NIl80R9, -NRioC(Z)NR6R9, -N(OR2i)C(Z)NR8R9, 
6 -C(=NORi3)NR8R9, -NRioC(=NRi5)NR8R9, 5-(Ri8)-l,2,4-oxadizaol-3-yl 
and 4-(Ri2)-5-(Ri8Ri9)-4,5-dihydro-l»2»4-ozadiazol-3-yL 

8. A compound as claimed in daim 7 wherein, in Yi, n is 0 or 1 and 
Y2 is -OH, -S(OWRll, -SRg, -NRsRg, -CO2R8, -SCOWNRsRs, 

10 -NRibS(0)mRil, 5-(Ri8)-l,2,4^xadizaol-3-yl or 4-(Ri2)-5-(Ri8Ri9)-4,5- 
dih]^dro-l,2,4-oxadiazol-3-yl. 

9. A compound as claimed in any one of claims 1 to 8 wherein, in R4, 
a 4-phenyl, 4-naphth-l-yl or 5-naphth*2-yl substitiuent is halogen, 

15 -SR5, -SORs, -OR3& -(CRiaR2o)inNRi6R26» or -NRioCCZlRs and a 
substituent for another positions of substitution is selected from 
halogen, •S(0)iiiR8, *0R8, -(CRioR2o)mNRi6R26, -NRioC(Z)R8 or 
-NRioS(0)inRil- 

20 10. A compound as claimed in any one of claims 1 to 9 wherein Ri is 
4-pyridyl, 2-al]7l-4-i^dyl or 4-quinolyl; R2 is hydrogen or methyl; R3 
is phenyl or phenyl substituted, preferably at the 4-position, with a 
substituent selected from •(CRioR2o)nY2 wherdn Y2 is wherein n is 0, 
1 2 or 3 and Y2 is -ORs, -NO2, -S(0)m*Riit -SRg, -S(0)mNR8R9t 

25 •MR6R9.-0(CSRioR2o)nNRsR9t -C(0)Rs, -C02R8> 

-C02(CRioR20)n*CONR8R9» -CN; -C(Z)NR8R9» *C(Z)NR80R9, 
-NRioS(0)mRii, -NRioC(Z)R8> •NRioC(Z)NR8R9, -C(=JfORi3)NRgR9, 
-NRioC(=CRi4R24)NR8R9. 6-(Ri8)-l,2,4-oxadizaol-3-yl, 4-(Ri2>^ 
(Rl8Rl9H,5-dihydro-l,2,4-03iadiazol-3-yl or a 3,5-dimethyl- or 3,5- 

30 dibromo-4-hydroxyl grouping; and R4 is phenyl or phenyl substituted 
at the 4-position with fluoro and/or substituted at the 3-position with 
fluoro, chloro, Ci^ alkoxy, methane-sulfonamido or acetanoido. 

11. A compound of formula (1) as defined in daim 1 selected from: 
35 4-(4-Fluorophenyl)-2-(4-methylthiophenyl)-5-(4-pyridyl)imidazole; 
4-(4-nuorophenyl)-2-(4*ethylthiophenyl)-5-(4-pyridyl)imidazole; 
4-(4-Fluorophen3d>2-(4-methyl6ulfonylphenyl)-5-(4-pyridy^ 
4-(4-FluoroidienyI)-2-(4-methylsu]finylphenyl)-5-(4-pyridyl)^ 
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4-(4-niiorophen3d)-2-(4-ethyl8ulfinylphenyl)-5-(^^ 
4-(3<Jhlorophen^)-2<4-metiiylsTilfinylphenyl>^^^ 

2-[4-(N-Methyl-N-ben2yl)aminometh^ 

pyridyl)imidazole; 
5 4-(4-Muorophenyl)-5-[4-(2-xiietiiylpyridyl)>2-(4-n^ 

imidazole; 

4-(4-Fluorophenyl>5-[4-(2-iiiethylpyridyl)3-2-(4-methyls 
imidazole; 

4-(4-Huorophenyl)-2-(4-methylsulfinylphenyl)-5-(4-quinolyl)i^ 
ID 2-[4-W-Morpholino)metliylphenyl]-4-(4-fluorophenyl>^ 
imidazole; or 
a pharmaoeuticaUy acceptable salt thereof. 

12. A process for preparing a compound of formula (D as defined in 
15 any one of claims 1 to 11 wMch process comprises: 
G) condensing an a-diketone of formula (ID: 

R1COCOR4 (H) 
wherein Ri and R4 are as hereinbefore defined, or an equivalent 
thereof, 

20 with an aldehyde of the formula (UI): 

R3CHO (III) 
wherein R3 is as hereinbefore defined, or an equivalent thereof, and, if 
necessary, with ammonia or a source thereof, under imidazole-ring 
forming conditions; 

25 (ii) treating an a-hydroi^ketone ccnnpound of formula (DA): 

R'CHOHCOR" (IIA) 
iK^ierein one of R' and R" is Ri and the other is R4, a suitably protected 
derivative thereof or the a-hydrozy-ozime or a-haloketone derivative 
thereof, with an oxidising agent capable of converting said compound 

30 into the corresponding a-diketone, in the presence of an aldehyde of 
formula (JU) or an equivalent thereof, and a source of ammonia; 

(iii) treating an amidine of formula (IV): 

R3C(=NH)NHR2 (IV) 
wherein R2 and R3 are as hereinbefore defined, or a salt thereof, with 
35 a reactive ester of an a-hydrozyketone of formula (IIA) or the 
corresponding a-haloketone, in an inert solvit, at a moderately 
elevated temperature and, if necessary, in the presence of a suitable 
condensation agent; 

(iv) treating an iminoether of formula (V): 
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KaCaNOR (V) 
wherein R3 is as hereizibefore defined and R is Ci.io alkyl, aryl or axyl 
Ci^ aU^l, with an oe-aminoketone of the fonnula (VG: 

R'CHNH2C0R" (VI) 
5 wherein one of R' and R" is Ri and the other is R4 in a suitable 

solvent; 

(v) treating the anion of an amide of formula (VII): 

R1CH2NR2COR3 (VXD 
wherein Ri and R3 are as hereinbefore defined and R2 is as 
30 hereinbefore defined other than hydrogen, with: 

(a) a nitrOe of the fonnula (Vni): 

R4CN (vni) 

wherein R4 is as hereinbefore defined, or 

(b) an excess ofanaodhaUde, of the formula (CD: 
35 RiCOHal (IX) 

wherein R4 is as hereinbefore defined and Hal is halogen, or a 
corresponding anhydride, to give a 6i£-acylated intermediate which is 
then treated with a source of axomonia; 

(vi) treating a compound of fonnula (X): 

25 R'C0CHR"XcC0R3 (X) 

wherein R', R" and R4 are as hereinbefore defined and Xc is O or NH, 
with a source of ammonia, or (TcUsing the corresponding SchiS's 
base, formed by treating the compound <d formula. (X) witli an amine 
R2NH2: 

25 (vii) coupling a suitable derivative of a compound of formula 

(XI): 

J2 



(XI) 

wherein: T2 is a mtrogen protecting group or R2, other than 
Iqrdrogen; and Ti is hydrogen, T3 is Q and T4 is R4; TiisRi,T3is 

aO hydrogen and T4 is R4; or Ti is Ri, T3 is Q and T4 is hydrograi , in 
which Ri, R2, R3 t R4 and Q are as hereinbefore defined; wilii: (i) 
when Ti is hydrogen, a suitable derivative of the heteroazyl ring RiH, 
under ring coupling conditions, to effect coupling of the heteroaryl 
ring Ri to the imidazole nudeus at position 5; (ii) when T3 is 

S5 hj^drogm, a suitaUe derivative of the aiyl or heteroazyl ring QH, 
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under ring coupling conditions, to effect coupling of the ring Q to the 
imidazole nucleus at position 2; or (iii) when T4 is hydrogen, a 
suitable derivative of the aryl ring R4H, under ring coupling 
conditions, to effect coupling of the azyl ring £4 to the imidazole 

5 nudeus at position 4; 

(viii) treating a compound of formula (XI), wherein Ti is 
hydrogen, with an N-acyl heteroaiyl salt, to give an intermediate in 
which tiie heteroaryl ring is attached to the imidazole nucleus and is 
present as a 1,4-dihydro derivative tiiereof, which intermediate is then 
10 suigected to oridative-deaqrlation conditions; and 

thereafter and if necessary carrying out all or any of the 
additional steps of removing a protecting group, transfiDrming an 
initially obtained compound of finmula (D into a further compound of 
formula CO or forming a pharmaceutically acceptable salt. 

15 

13. Acompoundofformula(I), as defined in any (me of claims 1 to 11, 
or a pharmaceutically acceptable salt thereof, for use in thaapy. 



14. The use of a compound of formula (I), as defined in any one of 
2D daims 1 to 11, or a pharmaceutically acceptable salt thereof, in the 

manufacture of a medicament for treating a cytokine-mediated 
disease state. 

15. A pharmaceutical composition comprising an effective, non-tozic 
25 amount of a compound of formula (D, as defined in any one of claims 

1 to 11, or a pharmaceutically acceptable salt tiiereof and a 
pharmaceutically acceptable carrier or diluent. 
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